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BioElectronics Company Overview 
 
BioElectronics Corporation, headquartered in Frederick, Maryland, USA, is an 
award-winning developer and manufacturer of consumer medical devices that are 
designed to treat both acute and chronic pain. These medical devices are a 
pioneering advancement of pulsed shortwave therapy.  Traditional pulsed 
shortwave therapies are clinically proven, effective, safe and have been used 
for decades by physicians and physiotherapists.  Advances in 
microelectronics have made it possible to deliver clinically proven and 
superior extended duration therapy in a small, convenient and economical 
medical device.  Bioelectroceuticals have an improved pulse rate and 
lower power level to provide superior extended duration treatments and 
safe home use therapy to lower the cost of care. 
 
 

 
 
Pain is one of the most significant health issues worldwide, negatively impacting quality of life 
for many millions of individuals.  Today, pain is still inadequately treated, and many options, 
which are primarily based on pharmacological agents, have limited efficacy and cause 
dangerous adverse side effects.  BioElectronics’ vision is to provide a safe alternative to 
traditional therapies with a highly effective and safe intervention for pain.  We received the 
“2009 Wall Street Journal Technology Innovation Awards” and in 2013 the ActiPatch® 
Musculoskeletal Pain Therapy was a runner up in “Most Innovative New OTC Product” award 
from the OTC Bulletin, a leading UK-based Healthcare Marketing Publication. 
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The Company has: 

 
1. Sold over 500,000 units around the world in 55+ countries; 

2. Consumer Survey of users indicate long lasting drug-free pain relief that’s 5x better 
relief than OTC drugs,100% safer; 

3. Innovative patented technology; and 

4. Six published refereed medical journal studies. On-going medical research at Tufts 
Medical and Dental School; University of Chicago Medical School; University of 
British Columbia; University Hospital Ghent, Belgium; University Hospital G. Martin, 
Messina, Italy and University of Otago, Dunedin, New Zealand. 

Benefits of this Technology: 

Safe Pain Relief  
Injury initiates an inflammatory response which commonly causes edema (fluid build-up in the 
tissue) which stretches the tissue and causes pain. Bioelectronic’s technology produces a 
pulsed radio frequency signal in the inflamed tissue, stimulating the neuro-muscular system, 
“pumping out” the fluid and thereby reducing pain.  This constant nerve stimulation also disrupts 
the body’s pain signals to the brain. 
 
Accelerated Healing 
Blood flow in the body is regulated by electrical signals that travel along nerves. Our devices 
modify these nerve signals, providing pain relief by enhancing blood flow which helps to restore 
the injured tissue to a healthy state.  
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Changes in Analgesics 
 
The numerous side effects and poor analgesic quality of pain medications has led to the 
development of therapeutic alternatives. These include patches and gels, with Thermacare heat 
wraps being a prominent example. And now a new class of analgesics is emerging that has 
been termed electroceuticals. Electroceuticals are methods and devices that can modulate the 
activity of the nervous system to elicit specific physiologic responses.  For example, increased 
blood flow into an injury site elicits a faster functional repair without any known side effects. 
BioElectronics products fit into this category. 
 

 
 
 
Medical Applications – Shortwave Radio Frequencies 

 

Therapeutic medical application of radio frequency (RF) energy utilizes frequencies in the 6–
100MHz range (ISM band) and is referred to as RF diathermy.  This therapeutic modality is 
commonly divided into two general categories based on mode of delivery: continuous RF 
energy delivery, and pulsed RF energy delivery. Continuous delivery of RF energy to a tissue 
leads to an increase in tissue temperature, and is used for the therapeutic delivery of deep heat. 
Delivery of pulsed RF energy to a tissue provides therapeutic effects in the absence of 
substantial tissue temperature elevation.  

 

003



BioElectronics Corporation   |   www.bielcorp.com   

BioElectronics Medical Device Technology 
 
BioElectronics develops miniaturized, wearable, pulsed RF diathermy devices.  The underlying 
concept is to replace the short duration, high power treatments which can only be obtained in 
the clinic by a trained professional, with an easy to use, self-administered, very low power 
device that can be used 24 hours per day. 
 

 

 

Device Specifications 
 

RF frequency 27.12MHz 

Peak power density 73 microwatts/ cm² 

Pulse rate 1000 pulses per second 

Pulse on duration 100 micro seconds 

Power source Battery 

Antenna size 12cm or 8cm 

Treatment area 100cm2 of 70cm2 

Weight 8 grams 

Operation time 720 hours (on/off capability)  
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Development of BioElectronics Medical Devices 
 

Much of the pioneering work on miniaturized pulsed RF devices was conducted in the 1980s 
and 1990’s. Dr. Richard Bentall was at the forefront of this research which directly led to 
Bioelectronics medical devices. In 1996, Dr. Bentall published “Low-Level Pulsed 
Radiofrequency Fields and the Treatment of Soft-Tissue Injuries” (Bioelectrochemistry and 
Bioenergetics) which highlights the effects of low power pulsed RF therapy on various soft 
tissue injuries. The paper reviews four research studies: 
 

1. Tensile Strengths of incisional wounds in rat 

2. Healing of experimental wounds in humans 

3. Meningomyelocele study   

4. Treatment of edema following blepharoplasty eyelid surgery) 

 
The conclusions drawn by Dr. Bentall from his research were that the treatment of wounds with 
pulsed RF fields leads to: 
 

(i) Earlier appearance of tensile strength. 

(ii) Earlier onset of reparative processes in secondary wound healing. 

(iii) Reduced bruising and edema in primary wound healing. 

 
It may, therefore, be concluded that treatment with pulsed RF or similarly configured devices 
can accelerate some processes of primary and secondary wound healing. It is not proven that 
these effects are mediated through a reduction of interstitial edema; there may be a number of 
separate mechanisms involved. 
 
Dr. Bentall also published a clinical study on blepharoplasty in the journal Aesthetics of Plastic 
Surgery. There are now a number of clinical studies, animal studies and cell studies looking at 
the effects of low power extended use pulsed RF devices.  
 

Biological Effects of Pulsed Shortwave Electromagnetic Field Therapy 
 

Clinical study has shown PSWD therapy to be an effective pain therapy. Moreover, indications 
are that PSWD promotes tissue healing by reducing inflammation.  In vitro cell studies using 
gene array, have demonstrated that PSWD treatment affects all phases of the wound healing 
cycle, including the inflammatory phase. The inflammatory cytokine, interleukin 1 expression 
was shown to be significantly reduced in postoperative wound exudate in a human clinical 
study, as well as in a rat model of traumatic brain injury. Moreover, cell, animal and clinical 
research has indicated that PSWD therapies elicit a healing response in tissue. In a report by 
Kao et al., exposing wounds in diabetic mice to PSWD resulted in significantly increased dermal 
cell proliferation and collagen synthesis. A number of animal studies have also shown improved 
healing responses to PSWD treatment. Non-thermal pulsed electromagnetic fields have been 
reported to induce nitric oxide (NO) through a Ca2+/Calmodulin signaling pathway. NO is a 
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potent vasodilator, increasing blood flow and lymphatic drainage, promoting angiogenesis and 
up-regulates growth factors such as fibroblast growth factor-2.  These effects would explain the 
positive effects on wound healing, seen both in animal models and humans. Furthermore cell 
studies suggest that the analgesic effect of PSWD may be due to the increased expression of 
endogenous opioid peptide, shown in vitro, by analysis of mRNA expression and opioid peptide 
levels in a cell culture system exposed to a PSWD.  In summary, pulsed shortwave 
radiofrequency therapies have shown biological responses that supports its clinical use for the 
treatment of pain and soft tissue healing.  
 
For more detail see Appendix A and next section - Mechanism of Action: Non-thermal Pulsed 
Shortwave - Physiological Response Testing. 
 
 
 

 
  

Figure 1. A proposed model for pulsed electromagnetic field (PEMF) 
transduction mechanism based on evidence to date that many athermal PEMF 
effects depend upon nitric oxide cascades. PEMFs can be configured to 
modulate calcium-binding kinetics to calmodulin. Calcium/calmodulin then 
activates nitric oxide synthase and the relevant cascade ensues dependent 
upon stage of tissue repair process. This mechanism has been proposed as a 
working model for PEMF therapeutics. 
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Mechanism of Action of Non-thermal Pulsed RF 
 
BioElectronics Corporation works closely with Kenneth McLeod, Ph.D., Professor, Department 
of Bioengineering, and Director of the Clinical Science and Engineering Research Center at 
Binghamton University, in Binghamton, NY. 
 
This group has made significant advances recently in understanding the physiological response 
to pulsed RF electromagnetic fields that are considered non-thermal. Through a series of novel 
experiments, they have established how non-thermal pulsed fields can influence tissues in the 
body.  
 
 
It is the Pulsing – Not Heat: 

 
Two principles are fundamental to the effective operation of Bioelectronics innovative 
electroceutical devices.  First, the devices are low powered RF amplifiers operating close to 
saturation mode and the amplifier is loaded primarily by biological tissue.  Second, the devices 
utilize a relatively high pulse rate of 1KHz.   
 
Power amplifier operation near saturation mode with complex loading (such as created by 
biological tissue) means that the electrical currents introduced into the tissue interact with the 
RF amplifier itself in a non-linear manner. This non-linear interaction results in a demodulation 
of the pulsed RF field resulting in a 1 KHz electrical field component being created in the tissue.   
 
The demodulated 1KHz pulses then interact with electrically excitable cells in the tissue (nerves) 
through a process referred to as stochastic resonance, or noise amplified stimulation.  That is, 
the high frequency electrical pulses add to the intrinsic electrical noise in the tissue resulting in 
increased nerve activation, specifically increased afferent nerve activity. Increased afferent 
nerve activity results in increased efferent nerve and muscle activity. 
 
 
  

Figure 2.  Afferent (sensory) 
nerves activation leads to efferent 
(motor) nerve activation by long 
and short reflexes.   
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Experimental Evidence of Operation 
 
The ability of BioElectronics electroceutical devices to stimulate significant physiologic 
responses can be readily observed in the laboratory.   
 
 
 
The muscle response can be observed using sensitive 
accelerometers to record motion of the fingers during 
stimulation of the ulnar nerve at the elbow (Figure 3). Here, 
muscle activity was detected by attaching an accelerometer 
to the fifth digit.  During Ulnar nerve activation, increased 
motion can be detected at a frequency well below the RF 
pulse frequency. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Increased muscle activity invariably leads to 
increased blood flow to the region, and this increased 
blood flow due to pulsed RF stimulation can also be 
observed in the lab.  Specifically, temperature changes at 
the dorsal venous arch can be recorded with small gage 
thermocouples which can track rapid temperature 
changes.. Spectral analysis of temperature 
measurements during pulse RF stimulation show 
increased blood. 
 
 
 
 
 
 
 
 

 

Figure 3.  Stimulation of the ulnar nerve with non-
thermal pulsed RF leading to increased finger motion as 
a result of reflexive muscle activation. 
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SUMMARY Pulsed shortwave diathermy, an electromagnetic therapy, has been in clini-
cal use for acute and chronic musculoskeletal pain for many decades. Innovation, miniaturi-
zation and advances in technology have allowed for the development of a new generation 
of shortwave devices that deliver a localized, low fixed dose of shortwave therapy. Clinical 
research has shown that these novel shortwave devices can be used safely in order to reduce 
acute and chronic pain, as well as the need for pain medications. Their ease of use and safety 
profile make low-dose shortwave devices an attractive alternative, or adjunct therapy, to 
pharmacological-based pain therapies.

*Clinical Research, BioElectronics Corporation, 4539 Metropolitan Court, Frederick, MD 21704, USA; Tel.: +1 781 325 2439;  
Fax: +1 301 874 6935; irawe@bielcorp.com

 � Pain is widespread in society and is currently inadequately treated.

 � Pharmacological analgesics have limited efficacy and can cause adverse side effects that are more 
frequent with long-term use.

 � Alternative pain therapies that are drug free and have a high safety profile are urgently needed.

 � Shortwave electromagnetic therapies have been used for decades for acute and chronic pain.

 � Technology advancement, innovation and miniaturization of shortwave devices offer a new, easy-to-use 
and inexpensive form of this electromagnetic pain therapy.

 � Research of these devices is beginning to show how shortwave therapies promote the healing of soft 
tissue and the mechanisms involved.

 � Clinical research has yielded positive results for the use of these devices.

 � With increased awareness, shortwave devices can become a home-use pain therapy for many 
musculoskeletal pain conditions.
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The case for over-the-counter shortwave 
therapy: safe and effective devices for 
pain management

SPECIAL REPORT

Ian M Rawe*

Pain management is a very important health-
care issue, both because of the negative impact 
pain has on patient quality of life, and also the 
significant associated healthcare costs involved 
in pain management. The effect of unresolved 
pain on quality of life is high, and constant pain 

results in a significantly increased risk of depres-
sion and suicide [1,2]. Studies have demonstrated 
the wide prevalence of both acute and chronic 
pain in society, with estimates of up to 100 mil-
lion people suffering from chronic pain annu-
ally in the USA [3]. The assessment on the costs 

For reprint orders, please contact: reprints@futuremedicine.com
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of treating chronic pain in the USA was placed 
at US$635 billion annually [3]. This estimate 
included direct healthcare costs as well as lost 
productivity, and was indicated by the authors 
as a conservative estimate.

Pain as a medical issue puts a high demand 
on healthcare system resources. The current data 
indicate a shortage of primary care physicians in 
the USA, which is a problem that is reported to 
be exacerbated by the increase in federally man-
dated health insurance coverage, increasing the 
insured by approximately 30 million [4,5]. With 
pain being one of the most common reasons for 
patients to seek medical attention and also con-
suming a substantial amount of time in pain-
related discussions during primary care visits [6], 
strategies that improve pain management that 
are safe and cost effective are desperately needed.

Pain management analgesics
Current conventional methods of pain manage-
ment have a heavy reliance on analgesic drug 
therapy, and users often show little knowledge 
or concern of the risks associated with their use 
[7]. This reliance on drug therapy, often used as a 
monotherapy, has been proven to be inadequate 
and, in some instances, has been the cause of 
adding significant socioeconomic problems [8].

The over-the-counter (OTC) analgesics, 
acetaminophen and NSAIDs such as ibuprofen, 
are the most widely used medications. While 
these medications are generally thought to be 
safe, there is evidence that adverse side effects, 
which can be serious, occur especially with long-
term use. NSAIDs are associated with a broad 
range of side effects, including renal toxicity [9], 
exacerbation of hypertension [10], fluid retention 
[11], gastrointestinal complications [12,13], cardio-
vascular events [14] and adverse effects on bone 
healing [15]. Approximately 107,000 patients are 
hospitalized annually for related gastrointestinal 
complications [16] due to the use of NSAIDs, 
and at least 16,500 NSAID-related deaths occur 
each year among arthritis patients alone in the 
USA [17]. This mortality figure does not include 
OTC NSAID drugs, so it is likely that the actual 
number is significantly greater. New risks have 
come to light with OTC pain medications. Epi-
demiological studies have shown that regular use 
of the analgesics acetaminophen and ibuprofen 
increases the risk of hearing loss both in men [18] 
and women [19] who used these pain medications. 
In addition, although therapeutic doses of acet-
aminophen are considered safe, studies suggest 

that acetaminophen overdosing is a regular 
occurrence [20]. At higher doses, acetaminophen 
can cause fatal liver damage and is responsible 
for approximately half of all cases of acute liver 
failure in the USA and the UK [21]. Another 
study of acetaminophen dosing indicates that 
hepatic injury linked to acetaminophen use is 
increasing significantly faster than population 
growth and acetaminophen product sales, indi-
cating that a growing proportion of consumers 
are self-dosing acetaminophen beyond the toxic 
threshold [22]. The bottom line of all of these 
findings is that the extended use and misuse of 
OTC pain medications is a significant healthcare 
problem.

Opioid pain killer use for pain relief has rap-
idly escalated in the last two decades in the USA, 
and only recently have clinical, epidemio logical 
and observational studies begun to evaluate 
their efficacy and effectiveness [23]. The results 
of these studies are mainly negative [8,24]. The 
wide adoption of opioids for workplace injury 
has recently been challenged, and reports suggest 
that strong opioids delay the return to work and 
increase compensation insurance costs. Due to 
their overuse, diversion and abuse, the number 
of deaths from painkillers quadrupled since 1999 
according to federal data, leading the US FDA 
to consider the restriction of opioid medication 
use [8,25].

It is now realized that interdisciplinary 
approaches to pain management, using both 
pharmacological and nonpharmacological meth-
ods, are beneficial for both acute and chronic 
pain [26–31]. Nonpharmacological methods for 
treating pain include acupuncture, chiro practic 
manipulation, behavioral modification and 
transcutaneous electrical nerve stimulation.

Shortwave electromagnetic therapies
Pulsed shortwave radiofrequency electromag-
netic field therapy (termed pulsed electromag-
netic field therapy, pulsed shortwave diathermy 
[PSWD] or pulsed radiofrequency energy 
therapy) has been shown to be an effective pain 
therapy that has the potential to impact cur-
rent treatment options for a number of acute 
and chronic pain conditions [32–34]. This form 
of therapy is based on shortwave diathermy 
(SWD), which uses a shortwave radiofrequency, 
typically 27.12 MHz, in order to deliver an 
electromagnetic field into the target soft tis-
sue. Initially, this approach was viewed as a 
highly effective heat therapy due to preferential 
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absorption of the energy deep in the body’s tissue 
[35]. Other electrical diathermy therapies that are 
in clinical use include microwave diathermy and 
ultrasound diathermy. Microwave diathermy 
uses radar waves that are of higher frequencies 
(434 and 915 MHz) than SWD and has a lower 
depth of penetration. Ultrasound diathermy 
employs high-frequency acoustic vibrations that 
are c onverted into heat in the body.

In the original form, continuous SWD had 
the potential to course thermal injury. To prevent 
excessive heat build-up, the signal was pulsed, 
which allowed heat to dissipate and the resulting 
therapy was still found to be therapeutic. This 
PSWD was labeled a nonthermal therapy as the 
level of heating was considered to be inadequate 
for it to be considered a thermal therapy. In the 
1970s, the FDA required a sustained tissue heat-
ing of 41–45°C to be demonstrated in order for 
a treatment to be considered a thermal therapy 
[36], but clearly, PSWD can lead to substantial 
temperature increases depending on the energy 
input into the tissue [35]. Therefore, many PSWD 
treatments that were viewed as nonthermal ther-
apies may actually have a thermal component 
[37]. SWD and PSWD are in wide use in clini-
cal practice for both acute and chronic pain [38]. 
However, because of the multiple settings, the 
potential for thermal injury, and the high cost 
of many of these SWD and PSWD devices, this 
form of therapy is still restricted to clinical appli-
cation by a trained technician. However, devel-
opment and innovation of this form of electro-
magnetic field therapy has recently occurred. 
These new devices use a low, or very low, fixed 
pulsed signal that is well below the threshold 
for thermal injury. They often use a battery as 
a power source and deliver localized treatment 
with no far-field effects [34,39]. Having a low fixed 
output at a safe power level negates the danger of 
thermal injury and consequently the requirement 
of a trained technician. Therefore, these devices 
can now become a home-based, economical pain 
therapy, with the only requirements being the 
turning on and off of the device and the fixation 
of this low-powered device onto the target area 
of the body. To date, no serious side effects have 
been reported in clinical studies, further suggest-
ing that these devices could be fully developed as 
home-use pain therapies.

Although these fixed, low-power devices are 
nonthermal therapies, they may have a very 
low thermal component as a consequence of 
the delivered energy. However, the temperature 

increases at this level are unlikely to cause the 
desired effects of heat therapy, namely higher tis-
sue temperatures, which produces vasodilation, 
increasing the supply of oxygen and nutrients 
and the elimination of carbon dioxide and meta-
bolic waste. By contrast, heat wrap therapy and 
the continuous application of heat for 8–12 h 
has been shown to be therapeutic in a number 
of studies [40,41]. The temperature increases 
with heat wraps has been reported to be 2°C 
at depths of 2 cm [40,42], which are clearly not 
achieved with low-dose PSWD devices. There-
fore, the therapeutic effects of fixed, low-dose 
PSWD devices are most likely mediated through 
 nonthermal effects.

Clinical studies
Extensive numbers of clinical studies have been 
performed using nonthermal PSWD over the 
last five decades for the treatment of acute and 
chronic pain [32,33]. More recently, clinical stud-
ies focusing on pain and edema, using smaller 
battery-powered devices, have demonstrated 
positive results for such targets as postoperative 
edema [43], postoperative pain [39,44,45], plantar 
fasciitis heel pain [46], pain from osteoarthritis 
of the knee [47], whiplash neck injury [48,49], 
delayed-onset muscle soreness [50], soft-tissue 
injuries [51] and chronic-wound healing [52,53]. 
These studies reported statistically significant 
decreases in pain and edema when compared 
with placebo treatments, confirming that low-
power PSWD is an effective pain therapy. 
Importantly, there have been no reported adverse 
side effects from these clinical studies. The clini-
cal successes and safety of these devices are very 
positive indicators that small, home-use, pulsed 
electromagnetic field devices could be a viable 
option for pain management.

The data presented in these studies also dem-
onstrates a decreased analgesic medication use. 
In the postoperative pain study by Rawe et al., 
significant decreases in narcotic pill use were 
reported (p = 0.002), with patients in the study 
group using 50% fewer narcotic analgesics while 
experiencing 50% less pain in the 7-day recov-
ery period [39]. Two further postoperative pain 
studies reported significant decreases in narcotic 
medication use during the recovery period, as 
well as recording decreased pain scores [44,45]. 
One study reported a significant decrease at 
day 3 (p = 0.001), in the group treated with 
PSWD relative to the placebo group; this differ-
ence continued for the study period of 7 days [44]. 
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The second study reported a significant 2.2-fold 
reduction in narcotic use in patients treated with 
PSWD at 48 h after surgery compared with pla-
cebo [45]. Other studies have also shown PSWD 
therapy to reduce the need for pain medication 
use in both acute and chronic orthopedic pain. 
During a 12-week study on patients experienc-
ing acute neck pain from whiplash injury, Foley-
Nolan et al. reported that subjects who received 
the PSWD therapy were consuming fewer 
analgesics by week 4 than placebo-controlled 
subjects [49]. In a study on the effects of PSWD 
therapy of heel pain from plantar fasciitis, there 
was a reported significant decline in pain after 
7 days and a strong trend towards decreased pain 
 medication use [46].

Device parameters
Clinical studies have used devices with differ-
ent shortwave radiofrequencies, pulse rates, pulse 
widths and duty cycles. The different device 
parameters are shown in Table 1.

The published clinical data have shown that 
significant reductions in pain can be achieved 
with various device parameters. The consist-
ency appears to be limited to the pulsed signal 
and that a shortwave radiofrequency is used by 
the devices, although different shortwave radi-
ofrequencies have been employed. For exam-
ple, a direct comparison of different device 
parameters can be made by looking at the 
Rawe et al. [39] and Heden and Pilla [44] stud-
ies. Both were  double-blind, randomized and 
 placebo-controlled studies that collected visual 
analog pain score and medication use data dur-
ing the first 7 days of postoperative recovery 
from breast augmentation surgery. The data pre-
sented from both of these studies are comparable 
in that there was a significant decline in post-
operative pain scores in the study group com-
pared with the placebo control group, as well 
as significant reductions in narcotic medication 

use during the postoperative study period. This 
indicates that PSWD can be effective with a 
range of device parameters.

Biological effects of nonthermal 
shortwave therapies
Clinical studies have demonstrated PSWD 
therapy to be an effective pain therapy [32,33]. 
Moreover, there are indications that PSWD pro-
motes tissue healing by reducing inflammation 
[34,51]. In vitro cell studies using gene arrays have 
demonstrated that PSWD treatment affects all 
phases of the wound healing cycle, including 
the inflammatory phase [54,55]. Expression of the 
inflammatory cytokine IL-1b has been shown to 
be significantly reduced in postoperative wound 
exudate in a human clinical study [45], as well 
as in a rat model of traumatic brain injury [56]. 
Moreover, cell, animal and clinical research has 
indicated that PSWD therapies elicit a healing 
response in tissue [51]. In a report by Kao et al., 
exposing wounds in diabetic mice to PSWD 
resulted in significantly increased dermal cell 
proliferation and collagen synthesis [57]. A num-
ber of animal studies have also shown improved 
healing responses to PSWD treatment [56,58,59]. 
Nonthermal pulsed electromagnetic fields have 
been reported to induce nitric oxide through a 
Ca2+/calmodulin signaling pathway [60]. Nitric 
oxide is a potent vasodilator, increasing blood 
flow and lymphatic drainage, promoting angio-
genesis and upregulating growth factors, such as 
FGF-2. These effects could explain the positive 
effects on wound healing seen both in animal 
models and humans. Furthermore, cell studies 
suggest that the analgesic effect of PSWDs may 
be due to the increased expression of endogenous 
opioid peptide, as has been demonstrated in vitro 
by analysis of mRNA expression and opioid pep-
tide levels in a cell culture system exposed to 
a PSWD [61]. In summary, pulsed shortwave 
radiofrequency therapies have shown bio logical 
responses that support its clinical use for the 
treatment of pain and soft-tissue healing.

Conclusion & future perspective
Wider use and acceptance of this low-power 
shortwave technology has been slow in devel-
oping, in part due to the position of the FDA, 
which has maintained these devices in a 
class III category, a classification that is usu-
ally reserved for devices that are life-sustaining, 
life-supporting and are defined as those that 
pose a potentially unreasonable risk of illness 

Table 1. Radiofrequency, pulse rate, pulse width and duty-cycle parameters of 
shortwave therapy devices.

Shortwave 
radiofrequency (MHz)

Pulse rate/s Pulse width Duty cycle (%) Ref.

27 450 60 µs 2.7 [48,49]

27 1000 100 µs 10 [39,43,46,50,52]

27 2 2 ms 0.04 [44,45]

Not specified 71 3.5 ms 25 [53]

6.8 2 7 ms 1.4 [47]

3, 44 and 26 1000 and 900 73 and 100 µs 10 and 6.5 [51]
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or injury. By contrast, the higher-power clinic-
based SWD/PSWDs are in a class II category. 
There are indications that a reclassification may 
be forthcoming, as a May 2013 adversary panel 
meeting recommended reclassification, but the 
discussion and recommendation was limited to 
postoperative pain and edema [101]. It is pos-
sible that high-quality clinical studies may be 
required by the FDA before giving these low-
power devices a new classification. With this 
noted, regulatory agencies in Canada and the 
EU, among others, have already classified such 
devices to be sold OTC.

The current research suggests that PSWD 
therapy reduces inflammation and promotes 
tissue healing, a feature that is a powerful argu-
ment for the therapy becoming widely available. 
By contrast, pharmacological approaches to pain 
management typically mask pain, cause adverse 
side effects and are contraindicated for a signifi-
cant proportion of the population [62]. Modern 

fixed, low-power PSWDs do not suffer from 
these drawbacks. The clinical results confirm 
that PSWD therapy is an effective pain therapy 
that reduces the requirement of pain medica-
tions and, importantly, has shown no reported 
adverse side effects to date. The clinical success, 
the positive biological effects on soft tissue and 
the safety of these devices are very positive indi-
cators that small, home-use PSWDs could be 
a viable adjunct option for pain management.
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Plantar fasciitis is a common cause of heel pain, and although treatments are usually conservative, they can
take up to 2 years to achieve resolution. A double-blind, multicenter, randomized, placebo-controlled study
was used to evaluate a small, wearable, extended-use pulsed radiofrequency electromagnetic field (PRFE)
device as a treatment of plantar fasciitis. A total of 70 subjects diagnosed with plantar fasciitis were enrolled in
the present study. The subjects were randomly assigned a placebo or active PRFE device. The subjects were
instructed to wear the PRFE device overnight, record their morning and evening pain using a 0- to 10-point
visual analog scale (VAS), and log any medication use. The primary outcome measure for the present study
was morning pain, a hallmark of plantar fasciitis. The study group using the active PRFE device showed
progressive decline in morning pain. The day 7 AM-VAS score was 40% lower than the day 1 AM-VAS score.
The control group, in comparison, showed a 7% decline. A significantly different decline was demonstrated
between the 2 groups (p ¼ .03). The PM-VAS scores declined by 30% in the study group and 19% in the control
group, although the difference was not significant. Medication use in the study group also showed a trend
downward, but the use in the control group remained consistent with the day 1 levels. PRFE therapy worn on
a nightly basis appears to offer a simple, drug-free, noninvasive therapy to reduce the pain associated with
plantar fasciitis.

� 2012 by the American College of Foot and Ankle Surgeons. All rights reserved.
The plantar fascia is a thick fibrous band of connective tissue
originating on the bottom surface of the calcaneus (heel bone) and
extending along the sole of the foot toward the 5 toes. It acts to
support the arch of the foot and aids in resupination of the foot during
propulsion (1). The condition “plantar fasciitis” is the most common
cause of heel pain, and estimates indicate that 1 million physician
visits annually involve the diagnosis and treatment of plantar fasciitis
(2). In addition, it is a common complaint in athletes, resulting in
approximately 8% of all running-related injuries (3,4).

The pain from plantar fasciitis is usually felt in the heel of the foot
and is usually most acute during the first steps in the morning
because the fascia tightens up during the night during sleep. As the
Bioelectronics Corp. The pulsed
this investigation were donated

D, Director, Clinical Research,
ick, MD 21704.

an College of Foot and Ankle Surgeon
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tissue warms, the pain subsides but can return with activity and long
periods of standing. The underlying condition is a degenerative
condition, caused by microscopic tears in the collagen of the fascia.
The condition has a detrimental effect on the quality of life, and
although conservative treatments are often effective, the period to
resolution can be up to 2 years. However, most patients experience
improvement by 9 months (5). Conservative therapies include rest,
nonsteroidal anti-inflammatory medication, night splints, foot
orthotics (6), and stretching protocols (7) of the plantar fascia and
gastrocnemius/soleus muscle (8). For persistent plantar heel pain,
extracorporeal shock wave therapy has been used but with mixed
success. Surgery is sometimes used as a last resort but complications
can arise, and it is not always successful (9).

Pulsed radiofrequency electromagnetic field (PRFE) therapy or
pulsed electromagnetic field therapy has a long history in treating
medical conditions. In 1947, the Federal Communications Commission
assigned 3 frequencies at the short end of the radiofrequency band for
medical use (40.68 MHz, 13.56 MHz, and 27.12 MHz) (10). The
frequency of 27.12 MHz is the most widely used in clinical practice.
The first PRFE device, the Diapluse (Daipulse, Great Neck, NY) was
s. All rights reserved.
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Table 1
Demographic data (N ¼ 70 patients)

Variable Control Group
(n ¼ 28 patients)

Study Group
(n ¼ 42 patients)

p Value

Age (y) 49.7 � 15.2 53.2 � 14.7 .35
Height (in.) 64.3 � 2.9 65.5 � 3.0 .09
Weight (lb) 196.4 � 58.6 176.0 � 28.8 .14
Plantar fasciitis duration (mo) 13.1 � 8.7 11.9 � 8.1 .60

Data presented as mean � standard deviation, with no significant difference (p � .05)
detected between the 2 groups.
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commercially available in the 1950s and was followed by other
commercially available machines. PRFE is a noninvasive therapy that
delivers electromagnetic energy into soft tissue, generating an electric
field that is thought to mediate the therapeutic effects (11). Many
studies have shown the clinical efficacy and safety of PRFE therapy
recently reviewed by Guo et al (12). For soft tissue injury, these
include ankle inversion treatment, in which studies showed a reduc-
tion in pain and swelling (13,14). PRFE therapy has shown to be
beneficial in the treatment of neck pain (10,15). The treatment of
osteoarthritis with PRFE has been reported to improve joint mobility
and decrease pain and stiffness (16–18). Recently, there has been
a focus on PRFE therapy and its application in controlling post-
operative pain and in promoting the healing of chronic wounds.
Significant decreases in postoperative pain have been reported after
breast augmentation (19,20) and breast reduction surgery (21), with
a corresponding decreased need for narcotic pain medication during
recovery. Healing of chronic wounds has also been reported in
a number of case reports (22–26), and a retrospective study of
a wound registry showed that PRFE holds promise to effectively
promote the healing of chronic wounds (27). Significantly, studies on
animal models of Achilles tendon repair showed increased tensile
strength and collagen alignment (28,29) after PRFE treatment. At 3
weeks after transection of the rat Achilles tendon, the tensile strength
had increased by 69% compared with the nontreated control rats (29).
Also, in a model of Achilles tendonitis, increased collagen alignment,
decreased inflammation, and better tissue normality was seen (28).
In vitro cuts in primary human tenocyte cultures from supraspinatus
and quadriceps tendons exposed to electromagnetic field stimulation
showed significantly accelerated cut closure 12 and 24 hours after the
injury (30).

Classically, most studies of PRFE have used large, fixed main-
powered devices, in which therapy is delivered in the clinic. In the
present exploratory study for the treatment of plantar fasciitis, we
used an innovative, small, wearable PRFE device (ActiPatch, Bio-
Electronics, Frederick, MD) that can be used for extended periods. In
the present study, it was used as a home-based therapy delivered
nightly during sleep.

Patients and Methods

The study was a multicenter, prospective, randomized, double-blind, and placebo-
and positive-controlled trial to determine the effects of nightly use of a wearable PRFE
device (ActiPatch, Bioelectronics). The North Texas institutional review board at
Medical City Dallas approved the study, the study participants provided signed consent
forms, and all rights of the enrolled subjects in the present study were protected. The
primary outcome measure for the study was morning pain, selected because morning
pain is the hallmark of plantar fasciitis. Subjects who had been diagnosed with plantar
fasciitis were recruited from the clinical practices of the podiatrist authors. The primary
diagnostic criteria was defined as the presence of tenderness at the insertion of the
plantar fascia into the heel bone, either plantar medially or plantarly. Radiography was
used in all cases to rule out osseous causes of heel pain, including stress fracture or bone
tumor. Although patients with fat pad atrophy were not excluded, those with pain
directly under the osseous prominence of the calcaneal tuber rather than at the
insertion of the plantar fascia, were excluded. Patients in whom neuritis was found to
be the primary cause of heel pain as determined by palpation or percussion of the
branches of the medial and lateral calcaneal nerves were excluded. Each subject
recruited into the study randomly selected a coded PRFE device. The device used in the
present study was a pulsed radiofrequency energy device (ActiPatch) that emits a safe
form of nonionizing electromagnetic radiation. The carrier frequency is 27.12 MHz, the
assigned Federal Communications Commission medical frequency, and it has a pulse
rate of 1000 pulses/s and a 100-ms burst width. The peak burst output power of the
12-cm antenna is approximately 0.0098 W and covers a surface area of approximate
103 cm2. The circuitry consists of low voltage (3 V) digital/analog electronics that
control all timing functions to produce the therapeutic radiofrequency field, with the
antenna field placed directly above the therapeutic site. This closed loop system of the
antenna, low-energy signal generator circuit, and battery power supply transfers the
radiofrequency energy to the tissue. The placebo devices did not emit a radiofrequency
electromagnetic field but were identical to the active devices, including a light-emitting
diode (LED) light showing operation. The energy from the active device is not felt by the
user, and the active device cannot be distinguished in any way from the placebo device.
019
Subjects were trained in the use of the PRFE device, which was worn nightly for 7 days
with the antenna placed over the heel, the site of pain. The device was kept in place
with a wrap and switched off when not in use. No other new treatments were started
during the study period.

The subjects were asked to record their pain levels using a 0 to 10 visual analog
scale (VAS). The VAS scores were recorded in the morning (AM), assessed on the first
steps after awakening, and at night (PM), before bed, for the 7 days of the study.
Medication use was also recorded, and medication use was left to the discretion of the
patients during the study period.

Statistical Analysis

After completion of the study period and the collection of all available data, the data
were analyzed using Excel 2007 (Yuma, AZ) with QI macros (KnowWare International,
Denver, CO). Analysis of variance was performed using a generalized linear model,
a flexible generalization of ordinary linear regression using SAS software (SAS Institute,
Cary, NC). The generalized linear model generalizes linear regression by allowing the
linear model to be related to the response variable by way of a link function and by
allowing the magnitude of the variance of each measurement to be a function of its
predicted value. The slope or rate of decline was compared using repeated measure
analysis, which allows for the comparison of themean variables with time. This analysis
allows for a statistical comparison between the rate of decline in the control and study
groups. The slope is considered significantly different at the 95% confidence level.
Trends in VAS scores were analyzed using the Friedman test for nonparametric
repeated measures. The base rates for each group were done relative to the first VAS
score taken in the morning of day 1.

Although not typically used, to show the group trends in medication use during the
7-day study period, the following method was used. Medications were converted to 1
pill doses using a base dose for each medication used by the study participants. One pill
was recoded as 200 mg ibuprofen, 250 mg acetaminophen, 250 mg naproxen, or 100
mg celecoxib. The use of a diclofenac topical patch was recorded as 1 dose.

Results

The planned enrollment for the study was 140 patients, and 70
active- and 70 placebo-coded devices were mixed in boxes. The
patients randomly chose a device, and the device code was recorded.
The planned enrollment was not met owing to time constraints, and
only 70 patients were enrolled in the study (42 active and 28 placebo).
Given the shortness of the study period and the simplicity of the
treatment, no patients were lost to follow-up and no data were
missing. Although this was a multicenter study, an intersite analysis
was not performed because subject site recruitment data were not
recorded by the study coordinator.

The demographic data indicated the randomizationwas successful
(Table 1). No significant differencewas found in age, height, weight, or
plantar fasciitis duration between the 2 groups. The percentage of
females in the 2 groups was 75% in the control group and 73.8% in the
study group.

The PRFE therapy devices were well tolerated by all the patients,
and no adverse effects were noted. Data were obtained from all 70
enrolled patients and were available for statistical analysis. The mean
AM-VAS scores and the standard deviation for the 7 days of the study
are presented in Table 2.

The day 1 VAS scores were not significantly different between the
study and control groups. The VAS pain scores for the 7 days of the
study showed a consistency in the control group with a day 1 to day 7
difference of 0.26 VAS points. In contrast, the AM-VAS score in the
study group showed a steady decline. The day 1 to day 7 VAS score



Table 3
AM-VAS scores on day 2 through day 7 compared with day 1 score using Student’s t test
(N ¼ 70 patients)

Day p Value

Control Group (n ¼ 28 patients) Study Group (n ¼ 42 patients)

2 .90 .15
3 .52 .06
4 .36 .021*

5 .83 .0035*

6 .61 .0076*

7 .69 .00045*

Abbreviation: AM-VAS, morning visual analog scale.
* Statistically significant difference.

Table 2
Mean morning visual analog scale scores (N ¼ 70 patients)

Day AM-VAS Score

Control Group (n ¼ 28 patients) Study Group (n ¼ 42 patients)

1 3.67 � 2.01 4.38 � 2.39
2 3.75 � 2.30 3.64 � 2.15
3 3.28 � 2.40 3.45 � 2.11
4 3.13 � 2.37 3.26 � 1.91
5 3.54 � 2.86 2.87 � 2.16
6 3.30 � 2.59 3.01 � 2.13
7 3.41 � 2.80 2.64 � 1.88

Abbreviation: AM-VAS, morning visual analog scale.
Data presented as mean � standard deviations.
Friedman test for nonparametric repeated measures showed significant difference
(p ¼ .036) between mean values for control and study groups.
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difference was 1.74 VAS points, for a 7.5-fold greater reduction in
pain than in the control group (Fig. 1). Regression analysis of the
study group showed an R2 of 0.887 (p ¼ .002, slope ¼ �0.252; i.e.,
y ¼ 4.33 � 0.252 � day). For the control group, the R2 was 0.239
(p ¼ .265, slope ¼ �0.051; i.e., y ¼ 3.643 � 0.051 � day). The
regression analysis showed a significant downward slope of 0.25 VAS
points/day in the study group. A standard repeated measure analysis
using the SAS generalized linear model routine showed significantly
different rates of improvement in morning pain between the 2 groups
(p ¼ .03). An F test was also performed using Excel 2007 QI macros
and showed the group means to be significantly different (p ¼ .036).

The AM-VAS scores from day 2 through day 7 were compared with
the day 1 AM-VAS scores using the Student’s t test (Table 3). The
AM-VAS scores from day 2 to day 7 in the control group show no
significant differences compared with the day 1 scores. In contrast,
the steady decline in pain scores in the study group had become
significantly different at day 4 (p ¼ .021) compared with the day 1
score. The decline in pain continued to be significant through day 7.

The mean PM-VAS score with standard deviation is listed in
Table 4. The control and study groups showed declines comparedwith
the day 1 VAS scores.

The decline in the control group was 1.05 VAS points or 19%, and
the decline in the study group was 1.49 VAS points or 30%. The SAS
analysis of variance and F test showed no significant difference
between the 2 groups. However, the decline in the control group from
day 1 to day 2 was 0.64 VAS point and an additional 0.36 VAS point
from day 2 to day 3. From day 3 to day 7, no additional decline
occurred in themean VAS score (4.46 and 4.41 points, respectively). In
contrast, the VAS score decline was more evenly spread in the study
group, with a day 1 to day 2 decline of 0.33 VAS point and a day 2 to
day 3 decline of 0.39 point. The VAS point decline from day 3 to day 7
was 0.77 VAS point in the study group. Fig. 2A shows themean decline
in the PM-VAS score for both groups during the 7-day study period,
and Fig. 2B shows the day 3 to 7 mean decline.
Fig. 1. Effect of overnight use of ActiPatch device on morning pain. Data presented as
mean reduction in morning visual analog scale (AM-VAS) score for pain from day 1 to day
7. As can be clearly seen, the level of pain decrease in the treated group was greater than
that of the control group by a factor of 7.5.
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The results of the PM-VAS analysis were similar to those of
AM-VAS analysis, when comparing the scores of day 2 through day 7
with the day 1 scores using the Student’s t test. Significance was
shown for days 4 through 7 in the study group, with no significant
decrease seen in the control group (Table 5).

Medication

The medication used by each group is shown in Table 6. Although
the randomization of the study was successful as shown by the
demographic data (Table 1), a greater percentage of patients were
taking medication in the control group (9/28, 32.1%) compared with
the study group (10/42, 23.8%) on day 1. However, of those patients in
the 2 studygroups takingmedication, the averagepill use on day 1was
very similar (control group, 2.55; study group, 2.44 pills per subject;
Table 7). This was also shown by the total pill use, whichwas similar at
day 1 (study group, 22; control group, 23). The daily total pill use and
average patient pill use in the control group showed day to day vari-
ability but showed no decline overall. In contrast, in the study group,
the total pill and patient average use showed a downward trend
(Table 7 andFig. 3). Byday7, thepill use in the control groupwas28and
in the study group was 11, and the average pill use was 2.8 pills per
patient in the control group and 1.57 pills per patient in the study
group. The number of patients taking pills in the control group was 10
(35.7%) of 28 and in the study group was 7 (16.6%) of 42 at day 7.
However, no significant difference was found between the 2 groups.

Discussion

In the present study, we have presented the results from
a prospective study using a small, lightweight wearable PRFE device
as a treatment for plantar fasciitis. The subjects were instructed to
wear the device overnight and the pain experienced in the morning
and evening was recorded for 7 days. The results showed that over-
night wear of the PRFE device was effective at significantly reducing
morning pain, a hallmark of plantar fasciitis. The significant decline in
Table 4
Mean daily PM-VAS scores

Day Control Group Study Group

Mean Score Day to Day Decline Mean Score Day to Day Decline

1 5.46 � 2.7 d 4.97 � 2.5 d

2 4.82 � 2.9 �0.64 4.64 � 2.5 �0.33
3 4.46 � 2.9 �0.36 4.25 � 2.7 �0.39
4 4.59 � 3.1 þ0.13 3.74 � 2.2 �0.51
5 4.45 � 3.0 �0.14 3.81 � 2.4 þ0.06
6 4.14 � 2.8 �0.31 3.79 � 2.5 �0.02
7 4.41 � 2.9 þ0.33 3.48 � 2.4 �0.31
Total d �1.05 d �1.49
Abbreviation: PM-VAS, evening visual analog scale.
Data presented as mean � standard deviation.
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Table 6
Group medication use (N ¼ 70 patients)

Medication Control Group (n) Study Group (n)

Acetaminophen 250 mg 3 24
Ibuprofen 200 mg 85 46
Naproxen 250 mg 38 22
Celebrex 28 0
Flector patch (diclofenac) 0 7
Loratab 0 2
Total 154 101

Control group used 154 pain medication pills compared with 101 pain medication pills
in the study group. (1 pill counted as 200 mg ibuprofen, 250 mg acetaminophen, 250
mg naproxen, 100 mg celebrex, or 1 Flector patch).

Fig. 2. (A) Mean evening visual analog scale (PM-VAS) point reduction after overnight use
of Actipatch device. Data are presented as mean reduction in evening visual analog scale
pain from day 1 to day 7, with no significant difference between the 2 groups. The study
group decreased 1.49 visual analog scale points compared with 1.05 visual analog scale
points in the control group. (B) Mean evening visual analog scale score reduction from
days 3 to 7. Data show that the control group mean evening visual analog scale score
remained essentially unchanged from day 3 through day 7 but study group mean evening
visual analog scale score showed a continued decline.
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morning pain in the study group wearing the active PRFE device was
40% compared with the 7.9% in the control group during the 7-day
study period. The analysis of the nighttime pain showed no signifi-
cant difference between the 2 groups. The pain declined 30% in the
study group and 19% in the control group. The control group had a day
1 to day 3 decline of 1.00 VAS point in the evening, although very little
decline (0.05 VAS points) was seen for the following 3 to 7 days. This
suggests that there was a strong initial placebo effect for the first few
days of the study. The decline in the study groupwas more consistent,
indicating a longer study period would have resulted in a significance
difference between the 2 groups. Medication use in the study group
showed a downward trend during the 7-day study but remainedmore
consistent in the control group, although the results were not
significantly different. The consistent decreases in morning pain seen
Table 5
PM-VAS scores on day 2 through day 7 compared with day 1 score using Student’s t test
(n ¼ 70 patients)

Day p Value

Control Group (n ¼ 28 patients) Study Group (n ¼ 42 patients)

2 .41 .55
3 .20 .21
4 .28 .02*

5 .20 .03*

6 .08 .03*

7 .17 .007*

Abbreviation: PM-VAS, evening visual analog scale.
* Statistically significant.
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in the study groupwould be expected to lead to decreasedmedication
use, which occurred.

The PRFE device used in the present study is based on work pio-
neered by Bentall (31) in the 1980s who first showed that reducing the
power and size but extending the use time produced equivalent results
to larger, more powerful devices. A study byNicolle and Bentall (32) on
surgical recovery showed that extended-use PRFE devices were able to
control edema after blephoraplasty. There has been a new focus on
small, extended-use PRFE devices, and a number of studies on post-
operative recoveryandwoundhealinghavebeenpublished (19–21,26).

The current treatment for most plantar fasciitis cases results in
positive resolution with conservative modalities (6,33–36). Conser-
vative forms of treatment, including nonsteroidal anti-inflammatory
drugs, heel pads or orthotics, physical therapy, stretching of the
gastrocnemius-soleus, and corticosteroid injections, provide
substantial relief for about 80% of patients. However, along with the
long interval to resolution, these treatments have additional draw-
backs. Injection of corticosteroids for the treatment of plantar fasciitis
is almost always painful and can cause both local and systemic side
effects (37). Long-term use of nonsteroidal anti-inflammatory drugs
can have significant side effects such as gastrointestinal complications
and an increased risk of serious cardiovascular events (38). Although
custom orthotics are often prescribed, they may only show a short-
term benefit in reducing the pain associatedwith plantar fasciitis (39).

After failure of conservative therapy, treatments such as extra-
corporeal shock wave therapy and surgery, are used. Extracorporeal
shock wave therapy has been reported to be effective in some studies
after conservative treatment has failed. Metzner et al (40) reported
good results with extracorporeal shockwave therapy. In their study,
success was defined as a 30% VAS reduction, which was seen in 81% of
patients at 6-week follow-up. However, other studies have reported
conflicting results, with the treatment seeming no better than sham
therapy (41–43). Although surgery to treat plantar fasciitis is used as
a last resort, it has had a variable (70%–90%) success rate, and recovery
from surgery can vary from several weeks to a few months. Potential
complications include transient swelling of the heel, heel hypo-
esthesia, rupture of plantar fascia, flattening of the longitudinal arch,
and calcaneal fracture (9).
Table 7
Medication use (N ¼ 70 patients)

Variable Day

1 2 3 4 5 6 7

Control group (n ¼ 28 patients)
Subjects using medication 9 8 10 8 9 8 10
Total medication use 23 21 24 19 20 19 28
Average pill use 2.55 2.65 2.4 2.37 2.22 2.37 2.80

Study group (n ¼ 42 patients)
Subjects using medication 9 7 7 5 7 8 7
Total medication use 22 16 12 7 17 16 11
Average pill use 2.44 2.28 1.71 1.4 2.42 2.0 1.57



Fig. 3. Mean daily pill use for study and control groups showing decline in pill use in the
study group from 22 pills on day 1 to 11 pills on day 7. In contrast, no decline in pill use
was seen in the control group (23 pills on day 1 and 28 pills on day 7).
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This is the first study to show that PRFE therapy used in this format
can potentially treat plantar fasciitis. PRFE therapy for plantar fasciitis
appears to offer a therapy that is easy to use, noninvasive, and drug
free, with no reported side effects. The results from the present initial
study indicate that PRFE therapy results in a relatively rapid decline of
pain, given the usually protracted nature of the condition. However,
the present study had a number of limitations, including the length of
time that data was collected (7 days), the lack of long-term follow-up,
and the lack of intercenter analysis. Also, no power analysis was
performed to calculate the study size, owing to the lack of data on the
effects of this form of therapy on plantar fasciitis heel pain. The
sample size was determined by the amount of time the podiatric
authors could allot to do the study, which resulted in lower than
anticipated recruitment goals. However, the study results suggest that
PRFE therapy in this form holds promise as a new treatment of plantar
fasciitis.

This is the first study using this form of therapy for plantar fasciitis
heel pain. The results from our study indicate that additional studies
are warranted to confirm these initial findings.
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ActiPatch Survey Results 

 

More than a quarter of Americans suffer daily pain, a condition that costs the 

U.S. about $60 billion a year in lost productivity. 

Introduction 
BioElectronics initiated an anonymous survey of customers who had bought and used the ActiPatch 

product for pain. The survey included questions on the condition that the ActiPatch therapy was used 

for, how much pain customers were experiencing prior to and post ActiPatch treatment, measured 

using a 10 point Visual Analogue Scale (VAS).  Measuring pain levels with a 10 point VAS, 0 being no 

pain and 10 being the worst pain, is an accepted method for measuring and assessing pain.  A global 

assessment of the benefits of ActiPatch use, and the effect it had on quality of life, was determined 

through a standard and widely accepted Patient Global Impressions of Change (PGIC) scale. Also 

assessed was to what extent the use of ActiPatch therapy had on their pain medication consumption. 

Other general questions asked were, would they purchase another ActiPatch and would they 

recommend ActiPatch to a friend. A list of the complete survey questions is shown below. 

Method 
The survey was created by Qualtrics web based survey software (Qualtrics, Provo, UT), and was 

included as a link in an email to customers who had previously ordered the ActiPatch product. The link 

took responders to the survey site where the questions were laid out with clear response fields. After 

completing the anonymous survey the data was submitted by clicking the final ‘done’ button. Data was 

compiled over 7 days and totaled 247 responses. 

The survey questions were as follows: 

1. Please write below the main reason for why you used the ActiPatch (eg., back pain, wrist pain, etc) 

2. We would like you to describe the change (if any) in ACTIVITY LIMITATIONS, SYMPTOMS and 

OVERALL QUALITY OF LIFE related to your reason for using ActiPatch. 

The responses for this question are for the Patient Global Impressions of Change (PGIC) scale 
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No change or it got worse           1 

Almost the same, hardly any change at all        2 

A little better, but no noticeable change          3 

Somewhat, better, but the change has not made any real difference     4 

Moderately better, a slight but noticeable change       5 

Better, and definite improvement that has made a real and worthwhile difference    6 

A great deal better, and a considerable improvement that has made all the difference  7 

 

3. Below we would like you to indicate by moving the slider, the pain level you were experiencing 

BEFORE and AFTER the ActiPatch treatment. A score of 0 means no pain and a score of 10 means the 

worst pain possible.- (The VAS pain assessment). 

4. Did you use any pain medication before trying ActiPatch?  

5. How did the use of ActiPatch effect on your pain medication use? 

 
Had no effect         1  
Reduced the use of pain medication a little     2 
Reduced the use of pain medication a moderate amount   3 
Reduced the use of pain medication a large amount   4 
Eliminated the need for using pain medication    5 

 

6. Where did you first hear about ActiPatch? 

7. Where did you purchase ActiPatch? 

8. Would you purchase another ActiPatch if the need arises? 

9. Would you recommend ActiPatch to a friend? 

10. How many hours per day do you use the ActiPatch. 

11. How many total days have you used the ActiPatch. 

12. Why not? Check all that are applicable. 

13. We are interested in how you might respond if a friend asked you to describe the ActiPatch and how 

it works.  Below, briefly write out what you might say telling your friend about how the product works. 

14. Is there anything else that you would like to tell us about the product? If so, use the space below. 
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Results 
Question 1. Please write below the main reason for why you used the ActiPatch (eg., back pain, wrist 

pain, etc) 

The list of conditions that ActiPatch was used to treat by responders in the survey were as follows: 

Back pain  (upper and lower) - Knee pain - Shoulder pain - Neck pain - Foot pain - Ankle pain - Toe 

pain - Wrist pain -Hand pain - Finger/thumb pain - Muscle pain - Leg pain – Fibromyalgia – Tendinitis 

-Menstrual pain - Multiple uses 

 

Question 2. We would like you to describe the change (if any) in ACTIVITY LIMITATIONS, SYMPTOMS 

and OVERALL QUALITY OF LIFE related to your reason for using ActiPatch.  

The results from the PGIC scale show that ActiPatch use had a significant effect on the improvement in 

global status rated by responders (figure 1.). 67.1% of survey responders reported a 5, 6 or 7 

(moderate to considerable improvement) on the PGIC scale indicating that the ActiPatch has a marked 

improvement on their overall quality of life. 

Figure 1. Patient global impression of change (PGIC) scores expressed  
as a percent of all survey responders. 
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Question 3. Below we would like you to indicate by moving the slider, the pain level you were 

experiencing BEFORE and AFTER the ActiPatch treatment. A score of 0 means no pain and a score of 

10 means the worst pain possible. – (the visual analogue scale (VAS) for pain) 

The results of the VAS pain question 3 are shown in table 2 and figure 2.  Prior to beginning ActiPatch 

therapy survey responders had a mean reported pain of 7.34 VAS points. This reported pain had 

declined to 3.54 VAS points after ActiPatch use, a reported drop of 3.8 VAS points. This equates to a 

51% decrease in the mean VAS pain. As can be seen from figure 3A there is a meaningful increased 

decline in VAS pain the longer the ActiPatch was used in hours per day (days of use was between 1 and 

22+). Comparing ActiPatch use of less than 3 hours per day to more than 16 hours per day there was a 

1.18 VAS points or 40% greater decline in VAS pain in the 16 hour use group. As can be seen from 

figure 3B the average initial VAS pain was similar between the grouped time data. These results 

suggest that 16 hrs of use or longer results in the most pronounced pain reduction. 

Table 2. Minimum and maximum VAS pain values, as well as Mean VAS pain, and SD. 

 

 

 

 

 

Figure 2. Survey reported VAS pain before and after ActiPatch use. 
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Figure 3A VAS pain decreased in relation to daily hours of ActiPatch use 

 

 

Figure 3B. VAS pain decrease in red and remaining pain (blue) in relation to daily hours used. 

 

Question 4 and 5. Did you use any pain medication before trying ActiPatch? How did the use of 

ActiPatch effect on your pain medication use? 

Of the survey responders 70% indicated that they used pain medications. Figure 4 shows that of these 

survey responders, 72% reported a reduction in pain medication use, with 61.3% reporting a 

moderately or greater reduction. 
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Figure 4. Reduction in pain medication use 

 

 

Medication use 1. no effect, 2.reduced a little, 3. moderate amount, 4. large amount, 5. eliminated. 

 

Conclusion 
The results from the survey indicate that the majority of Actipatch users benefited from ActiPatch use, 

experiencing on average a 51% decrease in their pain, a global quality of life improvement and a 

decreased reliance on pain medications. Taking these three assessment tools together, it can be 

concluded that ActiPatch is an effective pain therapy for an array of musculoskeletal pain conditions. 

 

Condition Specific VAS pain and PGIC Analysis: Back Pain 
Back Pain: The survey responders who used the ActiPatch for back pain (68) were analyzed separately 

for VAS pain and PGIC scale. The mean average VAS pain score for responders was 7.04 before 

treatment and 3.51 post ActiPatch treatment and overall decrease in 3.53 VAS points or 50%. PIGC 

scale scores also showed a global improvement in the majority of responders with 63.7% recording a 5 

or greater on the scale. 

Conclusion: Actipatch is an effective therapy for back pain.  
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Figure 4. VAS pain scores recorded for back pain before and after ActiPach use 

 

Figure 5.  PGIC assessment after ActiPatch use. 
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ActiPatch - Comparison to therapies for 
undefined lower back Pain 

Data was taken from the following review article - Analgesic effects of treatments for non-specific low 

back pain: a meta-analysis of placebo-controlled randomized trials. L. A. C. Machado, S. J. Kamper, R. D. 

Herbert, C. G. Maher and J. H. McAuley. Rheumatology 2009;48:520–527 – which reported the VAS 

point decline, the measure of pain reduction,  from published randomized controlled trials, or in some 

cases averaged data from a number of randomized controlled trials, from a diverse number of 

therapies. The data obtained from the ActiPatch survey from responders reporting the use of ActiPatch 

for back pain was used to compare to the published data. The decline in VAS pain from ActiPatch use 

was 3.53 VAS pain points which compares favorably to all the therapies documented in the review 

article. 

Figure 6. A comparison between ActiPatch and published randomized control trial data on a number of 

therapies shows ActiPatch has the potential to be the therapy with the highest efficacy for back pain. 
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ActiPatch Compared to Over the Counter Pain 
Medication – Ibuprofen & Acetaminophen 

(Paracetamol) on Back Pain 

 

The July 1998 issue of The American Journal of Medicine stated the following: 

"Conservative calculations estimate that approximately 107,000 patients are hospitalized annually for 

nonsteroidal anti-inflammatory drug (NSAID)-related gastrointestinal (GI) complications and at least 

16,500 NSAID-related deaths occur each year among arthritis patients alone. The figures of all NSAID 

users would be overwhelming, yet the scope of this problem is generally under-appreciated." 

 

 

 

(June 1999) in the prestigious New England Journal of Medicine: 

 

"It has been estimated conservatively that 16,500 NSAID-related deaths occur among patients with 

rheumatoid arthritis or osteoarthritis every year in the United States. This figure is similar to the number 

of deaths from the acquired immunodeficiency syndrome and considerably greater than the number of 

deaths from multiple myeloma, asthma, cervical cancer, or Hodgkin's disease. If deaths from 

gastrointestinal toxic effects from NSAIDs were tabulated separately in the National Vital Statistics 

reports, these effects would constitute the 15th most common cause of death in the United States. Yet 

these toxic effects remain mainly a "silent epidemic," with many physicians and most patients unaware 

of the magnitude of the problem. Furthermore the mortality statistics do not include deaths ascribed to 

the use of over-the-counter NSAIDS." 

Annual cost of GI hospitalization due to NSAID use is estimated at 2 Billion dollars 

Paracetamol hepatotoxicity is, by far, the most common cause of acute liver failure in both the 

United States and the United Kingdom 

Paracetamol overdose results in more calls to poison control centers in the US than overdose of any 

other pharmacological substance. 

In June 2009, a U.S. Food and Drug Administration (FDA) advisory committee recommended that 

new restrictions should be placed on paracetamol usage in the United States to help protect people 

from the potential toxic effects. 

The FDA also is requiring manufacturers to update labels of all prescription combination 

paracetamol products to warn of the potential risk for severe liver injury. 
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Guidelines for the management of low-back pain in primary care have been published in various 

countries around the world. All these guidelines recommend the prescription of NSAIDs as one 

option for symptomatic relief in the management of low-back pain. In most guidelines, NSAIDs are 

recommended as a treatment option after paracetamol has been tried.  Clinical study comparing 

the two medications indicates that ibuprofen and paracetamol are comparable as an analgesic for 

back pain.  

There have been many published studies documenting the effectiveness of non-steroidal anti-

inflammatory drugs (NSAID’s) and paracetamol on back pain. NSAID’s drugs are often the first 

choice for people experiencing back pain, however clinical study has shown them to be minimally 

effective, and have only short-term effects. This is also true for paracetamol.  Use of NSAID’s also 

come with a relatively high risk of side effects, commonly with NSAID’s these are gastrointestinal 

related, as NSAID’s have an impact on the lining of the stomach. As documented in this peer 

reviewed paper - Analgesic effects of treatments for non-specific low back pain: a meta-analysis of 

placebo-controlled randomized trials. L. A. C. Machado, S. J. Kamper, R. D. Herbert, C. G. Maher and 

J. H. McAuley. Rheumatology 2009;48:520–527 – NSAID’s and paracetamol have a minimal effect 

on back pain with an average VAS point reduction on back pain of 7mm on a 0 -100mm, or 0.7 

points on a 0-10 scale. As shown from our survey results ActiPatch mean VAS point reduction was 

3.53 points compared to the reported mean 0.7 point reduction with NSAID’s (Figure 7). This 

comparison indicates that ActiPatch achieves a 5 fold greater pain reduction than commonly used 

over the counter pain medications - ibuprofen (Motrin, Advil,etc) and paracetamol (Tylenol). 

ActiPatch has no side effects.  

Figure 7. A direct comparison between ActiPatch and NSAID’s and paracetamol 

on the effectiveness of reducing back pain. 
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Condition Specific VAS pain and PGIC Analysis: Knee Pain 
Knee Pain: The survey responders who used the ActiPatch for back pain (83) were analyzed separately 

for VAS pain and PGIC scale. The mean average VAS pain score for responders was 7.5 before 

treatment and 3.4 post ActiPatch treatment (figure 8) and overall decrease in 4.1 VAS points or 55%. 

PIGC scale scores also showed a global improvement in the majority of responders with 72.2% 

recording a 5 or greater on the scale (figure 9). 

Conclusion: Actipatch is an effective therapy for knee pain. 

 

 

Figure 8. Reported VAS pain before and after ActiPatch use 

 

Figure 9. PGIC shows a marked improvement in survey responder quality of life. 
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ActiPatch Survey Q 8 & 9 

 

Results of Question 8 and 9: 

8. Would you purchase another ActiPatch if the need arises? 

9. Would you recommend ActiPatch to a friend? 

 

Of the survey responders 77% said they would recommend to a friend and 73% responded that they 

would repurchase another ActiPatch if the need arose. 
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Figure 9. The survey responders were 77% would recommend  

ActiPatch and 73% would repurchase. 
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Objective 

Musculoskeletal pain is widespread in society and is challenging to treat. To determine the 
effectiveness of a miniaturized, wearable PEMF device as a home-based, self-administered, 
musculoskeletal pain therapy an anonymous survey of customers who had bought the PEMF 
device for pain was conducted.  
 
Design 

The survey was created using Qualtrics web based survey software, and was included as a link 
in an email to customers who had previously ordered the PEMF medical device. The survey 
included questions on the condition, pain levels prior to and post PEMF treatment, using a 11 
point visual analogue scale (VAS), a patient global impressions of change  scale (PGIC), pain 
medication use and length of time of treatment.  
 
Results 

There were 260 responses from 2900 emailed, an 8.9% response rate. The PEMF device was 
used for an array of painful musculoskeletal conditions though predominantly back and knee 
pain. Prior to beginning PEMF therapy respondents reported an average pain level of 7.3  VAS 
points, whereas post PEMF use the reported pain level declined to an average 3.6 VAS points, 
a reported average drop of 3.7 VAS points. The results from the PGIC scale show that PEMF 
use had a positive effect on patient quality of life and 72% of those who indicated prior use of 
pain medication reported a reduction in use. 
 
Conclusion 

The survey data suggests that PEMF in this form is an effective self-administered pain therapy 
for an array of musculoskeletal pain conditions. There were no reports of significant adverse 
side effects. 
 
Key words: Radiofrequency, electromagnetic, pain, back, knee   
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Introduction 

Musculoskeletal pain is widespread and continues to increase in society. It is challenging to 
treat effectively and has a significant impact on a person’s quality of life [1]. The loss of 
productivity as well as the costs to health care systems adds to the financial burden [2, 3]. The 
prevalence of back pain[4] is estimated at 5.6% in North America and prevalence of knee pain 
and symptomatic knee osteoarthritis have approximately doubled in women and tripled in men 
over 20 years[5]. While there are a number of conservative, commercially available therapies for 
musculoskeletal pain, widely available over the counter analgesics including nonsteroidal anti-
inflammatory drugs (NSAIDs) and acetaminophen are a mainstay of therapy for many 
individuals.  Although thought to be safe, these drugs have adverse side effects when taken for 
long periods, and increased risks of use are seen in the elderly[6]. NSAIDs are associated with 
a broad range of side effects, including renal toxicity, exacerbation of hypertension[7], fluid 
retention, gastrointestinal complications[8], and cardiovascular events[9, 10]. A serious side 
effect of regular use of the analgesics acetaminophen and ibuprofen, identified by 
epidemiological studies, is that of increased risk of hearing loss both in men [11], and 
women[12] who used acetaminophen or ibuprofen (but not aspirin) 2 or more days per week. At 
therapeutic doses acetaminophen is considered safe.  However, at higher doses, 
acetaminophen can cause fatal liver damage and is responsible for approximately one-half of all 
cases of acute liver failure in the United States and Great Britain[13, 14]. 
 
Shortwave diathermy, originally a heating modality is used in medical applications for both acute 
and chronic pain.  The therapy uses shortwave radiofrequency electromagnetic field energy, 
either at higher energy levels, as a thermal therapy, or at lower energy levels with pulsing of the 
signal, as a non-thermal therapy.  The lower energy pulsed form of the therapy has been known 
as pulsed electromagnetic field therapy (PEMF). Clinical studies have shown it to be an 
effective therapy for musculoskeletal pain[15, 16]. Recently interest has been generated in 
medical devices that are based on the same technology but use significantly lower power levels, 
allowing them to be smaller, portable or battery powered , therefore used as a home based, 
self-administered therapy.  These medical devices have shown success in clinical study 
including postoperative edema[17], postoperative pain [18-20], plantar fasciitis[21], osteoarthritis 
of the knee[22] and wound healing[23] 
 
In this study, a commercially available miniaturized PEMF device, which has been shown to be 
a clinically effective treatment for plantar fasciitis[21] and postoperative pain [17, 18] was 
studied for effectiveness as a self-administered pain therapy . Customers who had purchased 
the PEMF device as a pain therapy, via a commercial website were surveyed to determine the 
effectiveness of the device. 
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Methods 

The PEMF device (ActiPatch®, BioElectronics Corporation, Frederick, MD, USA), is a CE 
marked device and sold over-the counter in the European market, Canada and numerous 
countries around the world. The core technology of the PEMF device is a pulsed radiofrequency 
(RF) energy device, which emits a safe form of non-ionizing electromagnetic radiation.  The 
carrier frequency is 27.12 MHz, and has a pulse rate of 1000 pulses per second and 100 
microsecond burst width.  Peak burst output power of the 12 cm antenna is approximately 
0.0098 watts covering a surface area of approximate 100 cm2. The circuitry consists of low 
voltage (3 V) digital/analog electronics that control all timing functions to produce the therapeutic 
RF field, where the antenna field is placed directly above the therapeutic site.  This closed loop 
system of the antenna, low energy signal generator circuit, and battery power supply, transfers 
the RF energy to the tissue. The device is a battery powered device that allows operation for 
approximately 720 hours, with on/off capability. The device is recommended for use up to 24 
hours per day.  
 
To determine the effectiveness of the PEMF device as a home-based, self-administered, 
musculoskeletal pain therapy an anonymous survey was conducted of customers who had 
bought the PEMF device for pain within the last 3 months. Participation was voluntary. The 
survey was created using Qualtrics web based survey software (Qualtrics, Provo, UT), and was 
included as a link in an email to customers who had previously ordered the PEMF medical 
device through a website (www.actipatch.ca), a Canadian based commercial website. There 
were no follow up emails after the first email.   
 
The survey included questions on the musculoskeletal pain condition, the pain levels that 
customers were experiencing prior to and post PEMF treatment, using a 11 point (0-10) visual 
analogue scale (VAS), a patient global impressions of change (PGIC) scale, pain medication 
use and length of time of PEMF device use in hours per day, and days of use. There was also a 
comment field allowing input from the responder. The link within the email took responders to 
the survey site where the questions were laid out with clear response fields. Over a 10 day 
period a total of 260 responses were obtained, an 8.9% response rate. Results were outputted 
in, and analyzed with Excel 2010 (Microsoft Corporation, Redmond, WA).  
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Results 

Of the 260 responses 7 were blank in all fields leaving 253 responses that could be analyzed. 
There were 234 responses for the first question focusing on the location of the pain that was 
treated with the PEMF device.  The list of conditions that the PEMF device was used to treat are 
shown in table 1. The predominant conditions were back 84/253 (33%) and knee pain 87/253 
(34%), with the remaining conditions totaling 82/253 (33%) including those with this field left 
blank.  The analysis of the VAS, PGIC and medication use was performed on the total 
responses - group T, and three sub groups, these being responses for back pain - group B, 
knee pain – group K and the remaining treated conditions as one group – group R. 
 
Table 1. The PEMF devices was used to treat an array of musculoskeletal pain conditions, with 
the most prominent being back (33%) and knee pain (34%). 
 
Condition Number 

Back pain 84 

Knee pain 87 

Shoulder/neck pain 13 

Ankle 3 

Foot /toe 17 

Wrist 9 

Hand/fingers 7 

Menstrual pain 1 

Elbow 4 

Hip 4 

Fibromyalgia 2 

Muscle pain 2 
Mesh wound 
swelling 1 

Unspecified 19 

Total 253 
 
Visual Analogue Scale Pain Score 

The average pain level on a 0-10 pain scale, before PEMF therapy and post PEMF device use 
was asked. A sliding bar on the questionnaire was used to register the VAS for both prior and 
post PEMF use. There were 248 complete responses in this field. The reported mean baseline 
VAS pain was 7.30 ±1.64, and the mean reported pain after use of the PEMF device was 
reduced to 3.62 ±2.73 (Figure 1 and Table 2). This represents, on average, a drop of 3.68 VAS 
points, or a 50% decrease after the PEMF device therapy was used.  The mean baseline VAS 
pain specifically for group B, group K and group R are shown in Figure 1 and Table 2. The 
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mean baseline VAS, mean VAS score after PEMF device use was very closely matched in each 
of the four groups.   
 
Table 2. The mean VAS score before PEMF use, and mean VAS score after PEMF use along 
with VAS point decrease and percentage decrease for the total responses (group T), and in the 
three sub groups of back (group B), knee (group K) and the remaining conditions group (group 
R). 
 

 Group T Group B Group K Group R 

Mean VAS Baseline 7.30 ±1.64 7.14 ±1.71 7.41 ±1.76 7.38 ±1.50 

Mean VAS PEMF 3.62 ±2.73 3.45 ±2.70 3.54 ±2.62 3.91±2.87 
VAS score 
decrease 

3.68 3.69 3.87 3.38 

% decrease 50% 52% 52% 46% 
 
Figure 1 The mean VAS score for the total responses (group T) decreases by 3.68 after use of 
the PEMF device. A similar decrease was also seen in the three sub groups of back (group B), 
knee (group K) and the remaining conditions group (group R). 
 

 
 
A total of 56/248 (22.6%) responses reported no decline in VAS score. Of the 192/248 who 
reported a decrease the mean reported baseline VAS score prior to PEMF device use was 7.41 
± 1.62VAS and post PEMF device use a VAS of 2.56 ±1.98, or a 4.85 VAS point reduction 
equating to 63%. Of the responses for group B 22/84 (26%), group K 12/86 (14%), and group R 
22/78 (28%) reported no VAS score decrease with the use of the PEMF device.  Analysis of 
each group after omitting the responses that showed no pain reduction, were also similar in both 
the VAS score decrease and percent of decrease for each group (Table 3.).  
 
Table 3. Seventy eight percent of responses reported a VAS decrease. The mean VAS score 
before PEMF use, and mean VAS score after PEMF use along with VAS point decrease and 
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percentage decrease for the total responses (group T), and in the three sub groups of back 
(group B), knee (group K) and the remaining conditions group (group R). Omitted are responses 
that reported no VAS decrease. 
 

 Group T Group B Group K Group R 

Mean VAS Baseline 7.41 ±1.62 7.23 ±1.67 7.45 ±1.77 7.63 ±1.34 

Mean VAS PEMF 2.56 ±1.98 2.16 ±1.64 2.85 ±2.19 2.70 ±2.13 

VAS score decrease 4.85 5.07 4.60 4.93  

% decrease 63% 70% 62% 65% 

 
Patient Global Expression of Change 

To evaluate if the use of the PEMF device improved quality of life the following question was 
asked: 
 
We would like you to describe the change (if any) in ACTIVITY LIMITATIONS, SYMPTOMS and 
OVERALL QUALITY OF LIFE related to your reason for using ActiPatch. With the following 
response options. 1:  No change or it got worse. 2: Almost the same, hardly any change at all. 
3: A little better, but no noticeable change. 4: Somewhat better, but the change has not made 
any real difference. 5: Moderately better, a slight but noticeable change. 6:  Better, and definite 
improvement that has made a real and worthwhile difference. 7: A great deal better, and a 
considerable improvement that has made all the difference  
 
Over 66% of the total respondents indicated a noticeable change after using the PEMF medical 
device and 56% reported a definite to considerable improvement (Table 4 and Figure 2). These 
findings were slightly higher for sub groups B 65.8%, and K 72.1% over group R 51.9%.  
Another 14.6% of group T responses reported that they felt better, but there was little change in 
the quality of their life. Finally approximately 12.7% of group T reported no or negative 
improvement. Group K at 9.2% was the lowest sub group showing no improvement compared 
with group B reporting this 11.7% of the time and group R at 16%, which had the highest 
number reporting no or negative improvement. 
 
Table 4. The use of the PEMF had a positive effect on patient quality of life with 66.6% of the 
total responses (group T) reporting a moderate to considerable improvement. The greatest 
improvement was seen in the knee pain group (group K) at 72.1 % reporting a moderate to 
considerable improvement, and lowest in the remaining conditions group (group R) at 51.9%. 
 

Response Group T Group B Group K Group R 

No change 12.7% 11.7% 9.2% 16% 

Almost the same 8.8% 14.1% 4.5% 7.4% 
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A little better 5.6% 3.5% 9.2% 3.7% 

Somewhat better 5.1% 4.7% 4.6% 6.2% 

Moderately better 11.6% 8.2% 17.2% 9.9% 

Definite improvement 33.9% 32.9% 40% 27.2% 

Considerable 
improvement 22.1% 24.7% 14.9% 14.8% 

Moderate to 
considerable 
improvement 

66.6% 65.8% 72.1% 51.9% 

 
 

Figure 2. The use of the PEMF device resulted in an increase in quality of life scores for the 
majority of users, with 66% of the total responses (group T) reporting a moderate to 
considerable improvement. A similar quality of life increase was also seen in the three sub 
groups of back (group B), knee (group K) but was lowest in the remaining conditions sub group 
(group R). 
 

 
 
Medication Use 

The change in medication use after PEMF device use is shown in figure 3. In group T 171/253 
(68%) ,  group B 53/85 (62%) , group K 58/87 (67%) and group R 60/82 (73%) marked yes for 
the use of pain medication prior to the use of the PEMF device. This was followed by a question 
asking if their medication use had changed after using the PEMF device. The options were 1. 
Had no effect, 2. Reduced the use of pain medication a little, 3. Reduced the use of pain 
medication a moderate amount, 4. Reduced the use of pain medication a large amount, 5.  
Eliminated the need for using pain medication. Of those who responded yes, the average VAS 
score was 7.5, and those that responded no had an average VAS of 6.9. An indication that pain 
medication was taken by individuals with an overall higher pain level, and that the pain 
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medications they were taking had limited effect on their pain score.   Seventy percent of the 
respondents who indicated prior use of pain medication reported a decrease in medication use 
after using the PEMF device, with 59% showing a moderate to complete elimination (Table 5). 
This percentage was highest for Group B and lowest for Group R. 
 
Table 5. The use of the PEMF had an effect on pain medication use with 59% of the total 
responses (group T) reporting a moderate decrease to complete elimination. Similar reductions 
were seen in the three sub groups with back pain (group B)  reporting a 65.2%, knee pain group 
(58.6%) and the remaining conditions group (group R) reporting a 54% moderate decrease to 
complete elimination of pain medication use. 
 

Pain Medication Use Group T Group B Group K Group R 

No change 29.9% 24.5% 27.6% 36.8% 

Small decrease 11% 10.2% 13.8% 8.8% 

Moderate decrease 16.5% 18.3% 13.8% 17.5% 

Large decrease 24.4% 30.6% 27.6% 15.8% 

Eliminated 18.4% 16.3% 17.2% 21% 

Moderate to complete 
elimination 

59% 65.2% 58.6% 54% 

 
Figure 3. Sixty eight percent of responses reported a use of pain medication before PEMF 
device use.  The amount of pain medication use decreased in the majority of those surveyed 
after the PEMF device was introduced with over 50% in each group showing a moderate 
decrease to complete elimination of pain medication use. 
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Time of Use - Hours 

To determine if there was a correlation between hours of use the question, How many hours per 
day do you use the PEMF device was asked with the following response options: 1) Up to 3hrs, 
2) 4-8 hours, 3) 9-15hrs and 4) 16 hrs plus. The average VAS score decrease was calculated 
for each response. The results appear to show a correlation in the number of hours used and 
VAS reduction. The lowest VAS score reduction was seen with the shortest amount of hourly 
use, up to 3 hours which had a mean VAS decrease of 2.81 and the highest response for hours 
of use, 16 plus, showed a 4.13 mean VAS point decrease. These results indicate a dose 
response effect but it is only appears significant when the device is used 3 hours or less per 
day. 
 
Figure 4. Increasing the hours of use of the PEMF is beneficial in that the amount of pain (mean 
VAS) decrease that was reported. 
 

 
 
Time of Use - Days 

A second dose response was assessed through determining the reduction of VAS score to the 
length of time in days the PEMF therapy was used. The question, How many total days have 
you used the PEMF device as asked, with the following response options,  1) 2 days or less, 2) 
3 to 6 days, 3) 7 to 14 days, 4) 15 to 21 days, 5) 22 days or more.  There were 245 responses in 
this field with 11/245 (4.5%) reporting 2 days of less, 42/245 (17.1%) reporting 3 to 6 days, 
47/245 (19.2%) reporting 7 to 14 days, 38/245 (15.5%) reporting 15 to 21 days and 107/245 
(43.7%) reporting 21 days or more. The results indicate a positive trend with the greater time of 
use in days showing the greatest VAS point decrease (Figure 5). This result, coupled with the 
hours of use per day indicate that the greatest reductions are obtained when the pain sufferer 
uses the product over long time periods and for at least 4 hours per day.  
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Figure 5. Increasing the days of use of the PEMF is beneficial in that the amount of pain (mean 
VAS) decrease that was reported. 
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Discussion 

Musculoskeletal pain is wide spread in society, negatively impacts quality of life and is currently 
inadequately treated. The results from this study, of the use of a self-administered PEMF device 
for musculoskeletal pain, indicate that it is an effective pain therapy for a wide range of 
conditions, including back and knee pain.  An average reduction of 3.68 VAS points or 50% 
indicates a level of pain reduction that is clinically significant. It has been previously shown that 
a decrease of 1.3 points is the minimal change needed to show clinical significance[24].  The 
decrease in mean pain was similar in the sub groups analyzed. With a 52% decrease for back 
pain, 52% decrease for knee pain and a 46% decrease in the group encompassing the other 
conditions including shoulder, neck, ankle, foot, toes, wrists, hand and finger/thumb pain. This 
level of pain reduction of 50%, is similar to that reported in a double blind placebo controlled trial 
using a battery powered PEMF device on osteoarthritis of the knee[22], and a 40% pain 
reduction was reported in a placebo controlled double blind study on plantar fasciitis [21].  
 
Of the survey responders 22% reported no pain reduction. Comparing the sub groups, the 
percent reporting no reduction was 13.8% for the knee pain sub group, which was nearly half 
that of the back pain sub group 26%, and also the remaining sub group 27%. The lack of 
response in pain reduction from 22% of the users maybe be related to the complexity of the 
underlying cause of their pain. But a clear conclusion cannot be made at this time. However, 
there was a clear trend in level of pain reduction and the hours the PEMF device was used per 
day, and association with the level of pain reduction with time of use in days. This data strongly 
suggest that maximum benefit can be obtained with extended hours of use per day along with 
continued daily use.  
 
Inadequately controlled pain has a detrimental effect on quality of life, and there is a proven 
association that decreasing pain will increase quality of life [25-28]. This effect, a decrease in 
pain score resulting in an increase in quality of life was seen in this survey. Of the survey 
responses, 66.6% reporting a noticeable to considerable improvement in quality of life score 
after use of the PEMF device for pain. This compares closely to the 68% who reported a 
reduction in VAS score. In sub group K, which had the highest percent reporting a VAS 
decrease at 86% and the greatest mean VAS reduction of 3.87 points. Also had the highest 
number, reporting a moderate to considerable improvement, in quality of life at 72%. Conversely 
the sub group R had the lowest number reporting a VAS reduction at 72% along with the lowest 
mean VAS point reduction at 3.38. The reported moderate to considerable improvement in this 
group was 51.9%. These results confirm the close association between the reported pain 
decrease and improved quality of life. A decreased reliance on pain medications also 
contributes to an increased quality of life, lowering the risk of undesirable side effects. A 
significant advantage of PEMF as a pain therapy is the lack of undesirable adverse side 
effects[15], and that it is non-invasive localized treatment. This allows it to be used as a stand-
alone, or as an adjunct therapy option.  
 
The responses to this survey clearly indicate that pain is inadequately treated in many 
individuals as the mean pain reported was 7.3 VAS points, a level of pain that would be 
considered as severe. Of the responders, 68% indicated use of pain medications for their pain, 
and there was a correlation of pain medications users having a slightly higher mean baseline 
pain, 7.5 compared to non-pain medication users of 6.9. This data suggests that pain 
medications alone are an inadequate therapy for these common pain conditions. There are also 
serious drawbacks to use of pain medications, especially with long term use with both over the 
counter and narcotic pain medications [6-14, 29, 30]. With the increasing prescription of opioid 
based medications for pain contributing to serious social problems including addiction and death 
due to drug overdose [31].    After the introduction of the PEMF device, as well as a decrease in 
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mean baseline VAS pain score, there was also a reported decrease in use of pain medication. 
With 11% reporting a small, 41% reporting a moderate to large decrease, and 18% indicating a 
complete elimination of pain medication use. In total 70% reported a decrease in pain 
medication use, suggesting that introduction of the PEMF device had the important benefit of 
decreasing the reliance on pain medications. 
 
Overall PEMF therapy, in a meta-analysis review has been shown to significantly reduce 
postoperative pain, orthopedic pain, reduce edema and promote wound healing[16]. And PEMF 
has been reported to be effective for osteoarthritis of the knee in a meta-analysis of randomized 
control trials[32]. 
 
The mechanism of action of PEMF therapy is not well understood, though it has been 
postulated to involve activation of a CaM-dependent NO/cGMP signaling pathway[22, 33], and 
PEMF have been shown to decrease the expression of the pro-inflammatory cytokine interleukin 
1[20].  In vitro cell studies using gene array, have demonstrated that PEMF treatment effects 
all phases of the wound healing cycle[34], including the inflammatory phase[35]. The increased 
expression of endogenous opioid peptide has also been reported in the same in vitro cell culture 
system exposed to a PEMF[36]. Taken together the evidence suggests that PEMF therapy is 
therapeutic through a combination of an anti-inflammatory effect and a localized analgesic effect 
through an up-regulation of endogenous opioid peptide.  
 
While there are clearly limitations on the conclusions that can be drawn from this user survey, 
there is supporting evidence from double blind randomized controlled trials that used the 
identical PEMF device. As a treatment for plantar fasciitis, overnight therapy significantly reduce 
morning heel pain compared to placebo (p = 0.03) in seven days[21]. Postoperative pain, in a 
double blind, randomized control trial was also significantly reduced, as was the amount of 
narcotic pain medication required during the recovery period[18].  The three main assessment 
tools used in this survey, VAS scores, PGIC and medication use, strongly suggest that this form 
of self-administered therapy could play a significant part in reducing pain, improving quality of 
life and reducing pain medication use for a significant percentage of the population suffering 
from common musculoskeletal pain conditions. Another significant advantage with this medical 
device is the very low economic cost, with the potential for significant health care cost savings.  
The results presented here show the need that further clinical study is warranted to fully assess 
the clinical effects of this PEMF device. Back pain and knee pain would clearly be excellent 
targets for clinical study.  
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Use of ActiPatch Device for Treatment of Delayed Onset Muscle Soreness – 
Comparison to Acetaminophen and Control Group 

 
Principal Investigator: Sheena Kong, M.D. (November 2009) 
 

Executive Summary 

 
Study Purposes 
 
The study has two primary purposes.  The first is to assess whether patients using 
ActiPatch for treatment of Delayed Onset Muscle Soreness (DOMS) realize reduced 
levels of muscle pain or soreness when the ActiPatch device is applied after a DOMS 
inducing exercise regiment.  The second is to assess the effectiveness of treatment of 
DOMS with ActiPatch versus acetaminophen in the form of Extra Strength Tylenol®. 
 
Design 
 
This was an observational study to evaluate the treatment of Delayed Onset Muscle 
Soreness (DOMS).  After a vigorous resistance training exercise regiment designed to 
induce DOMS, 102 study participants were placed into one of three groups: 1) a control 
group, 2) a group that utilized the ActiPatch device, and 3) a group that received over-
the-counter strength acetaminophen in the form of Extra Strength Tylenol. 
 
Each participant was engaged in a vigorous resistance based exercise regiment 
designed to induce DOMS in the bicep muscles.  Upon completion of the exercise 
regiment, participants selected for the ActiPatch group were given ActiPatch devices 
which were placed on the bicep muscles.  These participants wore the devices for the 
subsequent 48 hour period. 
 
All participants in the study returned 48 hours later.  Participants in the control and 
ActiPatch groups were then surveyed concerning their levels of DOMS-related muscle 
pain and soreness.  Participants within the acetaminophen group were administered 1 
gram of acetaminophen in the form of Extra Strength Tylenol.  Ninety minutes after 
administration of acetaminophen these study participants were also surveyed 
concerning their levels of DOMS- related muscle pain and soreness. 
 
Study was approved by RCRC Independent Review Board of Austin, Texas and has 
been registered with The National Institutes of Health (NIH). 
 
 
Device and Medication Usage 
 
The ActiPatch device manufactured by BioElectronics Corporation was used by one 
group of study participants.  A different group was given over-the-counter strength of 
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acetaminophen in the form of Extra Strength Tylenol.  The dosage of acetaminophen 
was 1 gram.  The control group used neither the ActiPatch device nor acetaminophen. 
 
 
Results  
 
Of the the 102 patients enrolled in the study, 38 used the ActiPatch device, 38 acted as 
control, and 26 used acetaminophen in the form of Extra Strength Tylenol.  The mean 
VAS score for the ActiPatch was 1.500, significantly below the VAS scores of 2.507 for 
the acetaminophen group and 3.179 for the control group. 
 
Comparison between the ActiPatch group and the control group was significant at the 
.001 level.  Comparison between the ActiPatch group and the acetaminophen group 
was significant at the .05 level. 
 
No study related adverse effects were reported by any participant. 
 
Discussion 
 
The data yielded by this study appears to demonstrate that the use of ActiPatch for the 
treatment of Delayed Onset Muscle Soreness (DOMS) is both safe and effective.  
Additionally, the data yielded by the study appears to demonstrate that the continuous 
use of ActiPatch will result in significantly less DOMS-related pain and muscle soreness 
compared to a treatment regiment consisting of an OTC dosage of acetaminophen. 
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Background 

 
Delayed Onset Muscle Soreness (DOMS) is a condition associated with 
increased physical exertion.  This condition is experienced by all individuals 
regardless of fitness level as it is a normal physiological response to increased 
exertion and the introduction of unfamiliar or strenuous physical activities.  The 
pain caused by DOMS can impair physical training and performance, and as a 
result, it is of great concern to trainers, coaches, and therapists.  DOMS affects 
many more individuals than just athletes.  Many ordinary people are developing 
this condition as a result of excessive physical or out of the ordinary exertion.  
The pain and discomfort associated with this condition generally peaks at 
between 36 to 72 hours after an exercise routine and usually resolves within 96 
hours. 
 
For several decades DOMS had been attributed to lactic build up in the muscles 
after exertion.  Over the past few years this assumption has been shown to be 
unrelated to this condition.  Several research studies have indicated that lactate 
levels return to normal within 60 minutes post exercise.  Therefore, increased 
lactate levels cannot cause DOMS. 
 
DOMS is predominately caused by eccentric exercise.  Connolly et al. (2003) 
explains that the injury that results from eccentric exercise causes damage to the 
muscle cell membrane, which sets off an inflammatory response.  The 
inflammatory response leads to the formation of metabolic waste products, which 
act as chemical stimulus to the nerve endings that directly cause a sensation of 
pain and swelling. 
 
W. Stauber et al (2000) used a high-powered microscope to analyze muscle 
fibers after an intense workout.  Based on his research it was clear that cell 
membranes were ruptured and other structural components were disrupted; 
however, damage to the muscle fibers is relatively small.  This damage is not 
limited to one area but occurs throughout the muscle fiber.  This microscopic 
muscle damage causes an inflammatory response.  It is this inflammatory 
response that causes muscle soreness due to: 1)  the accumulation of fluid 
(swelling) and 2) chemicals secreted by white blood cells that activate pain 
receptors (Smith, 1991). 
 
While there has been some research conducted on the treatment of DOMS, no 
particular treatment option has been proven to be dominant in treating or 
preventing the condition.  The most popular intervention is pharmacological 
options using non-steroidal anti-inflammatory drugs (NSAIDs) or acetaminophen.  
Stretching and warm-up exercises as well as nutritional augmentation via 
supplements have also been explored with varying degrees of success. 
 
NSAIDs, such as aspirin and ibuprofen, and acetaminophen are popular 
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treatments for DOMS, but some of the research conducted in this area is 
inconclusive.  Additionally, there are significant concerns associated with 
negative potential side effects such as gastrointestinal distress, liver toxicity and 
related coronary issues. 
 
There has been considerable research relative to using nutritional 
supplementation as a potential treatment for DOMS with particular emphasis on 
vitamins E and C and other antioxidants, which are thought to reduce the 
proliferation of free radicals generated during an inflammatory response.  These 
effects are inconclusive as are other investigations into use of L-carnitine. 
 
While neither NSAIDs nor nutritional supplements have been proven to reduce 
the onset of DOMS, there has been some research suggesting that simple warm-
up exercises can meaningfully reduce the onset of the condition.  Szymanski 
(2003) introduced the “repeated-bout effect” as a way to reduce DOMS.  The 
repeated-bout is a progressive adaptation to exercise that has been shown to 
consistently reduce DOMS and exercise induced damage to muscles. 
 
ActiPatch is a miniaturized medical device that delivers continuous 
electromagnetic therapy to restore damaged cells.  The device is a Class III 
medical device that is available only through a licensed health care practitioner in 
the United States.  The device, however, is widely available on an over-the-
counter basis outside of the United States. 
 
Significant clinical data shows that ActiPatch reduces edema, inflammation and 
pain. 
 
ActiPatch uses a mild electrical current and radiofrequency waves at a frequency 
that stops the release of pain and inflammatory mediators, increasing blood flow, 
and reestablishing normal cell interaction.   
 
Pulsed electromagnetic stimulation (PEMF) in some form has been used or 
investigated since the early 1930s.   There is a large body of clinical experience 
that has realized its value as an effective treatment for tissue trauma, particularly 
in the early stages of inflammation. Numerous studies are available that 
document its effectiveness in orthopedic surgery, arthritis, and even plastic 
surgery (breast augmentation). While no study has demonstrated the complete 
elimination of pain, PEMF has shown less dependence on medications and some 
enhancement of the recovery period. Also, there has not been a single study 
showing any harmful effects so it is safe to conclude that PEMF is safe for 
human use. 
 
The precise mechanism by which PEMF works on controlling pain after injury is 
not known. It is theorized that it may affect pain levels by its effect of nitric oxide 
(NO) release, a short-lived signaling molecule in the anti-inflammatory cascade. 
It is also suggested that it has an effect on stabilizing cell membranes such that 
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the edema phase of an injury is more rapidly resolved. 
 
AtciPatch devices function at a frequency in the 27.1 MHz ISM band and are 
confined within the field of the patch’s loop antenna. The patch induces electric 
current in human tissue, but it is oscillating at such a high frequency that it cannot 
be detected by the patient. The high frequency results in a depth of penetration 
into the tissues of approximately 10 cm. When the patch is used over a 24 hour 
period, it produces an absorbed energy of 630 mJ/cc which is well within the 
range of effectiveness for soft tissue injuries. The patch produces a power 
density at the skin surface between 14 and 73 μW/cm² and induces an electrical 
field of about 10 milliVolt/cm, resulting in adsorbed power levels in the range of 
7.3 μW/cm3. This provides field exposure levels at the target tissue that are five 
to nine orders of magnitude above the thresholds which have been established 
for non-thermal electromagnetically induced biological effects at the cell and 
tissue level. 
 
The ActiPatch uses proven medical technology to truncate the human body’s 
natural inflammatory response breaking the cycle of chronic inflammation.  
ActiPatch does this by delivering pulsed electromagnetic energy directly to the 
affected area and driving out the edematous fluid along with byproducts of the 
damaged tissue.  The affect is a well documented and a significant overall 
improvement in the restorative and recovery process following injury resulting in 
a substantial reduction in the pain associated with soft tissue injury.  These 
statements are supported by multiple studies, but no specific research has been 
done relative to its effects on DOMS. 
 
ActiPatch was cleared by FDA in 2002 for the treatment of edema following 
blepharoplasty.  Clinical data presented by BioElectronics to Health Canada 
resulted in its approval for relief of pain in musculoskeletal complaints, and the 
product is now available over-the-counter throughout Canada.  The product is 
also cleared for over-the-counter sales in European Union countries and other 
countries throughout the world. 

Study Execution 

 
Study Design 
 

 This was an observational study to evaluate the treatment of delayed onset 
muscle soreness. 

 Study participants were placed randomly into one of three groups 1) a control 
group, 2) a group that utilized ActiPatch, and 3) a group that received over-the-
counter strength acetaminophen 

 102 participants in total - 38 used the ActiPatch, 38 acting as control, and 26 
used acetaminophen 

 Sample size for acetaminophen group was smaller due to resistance from 
participants to consume acetaminophen 
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 Age range from 18 to 35, subjects were healthy collegiate athletes and trainers 
who exercise regularly and participate in team sports 

 Interventions were approximately 20 sets of 10 repetitions of bicep resistance 
exercises using free weights to induce DOMS in the bicep muscles of both arms 

 Approximately 48 hours post exercise, participants returned to study site and 
were given a Pain Recording Scale (Visual Analogue Scale) sheet to record their 
perceived level of DOMS pain in their bicep muscles. 

 
Exclusion Criteria 
 

 Anyone who is unable to give consent or document written consent in English 
 Anyone who is confirmed or who could possibly be pregnant 
 Anyone with allergy or intolerance to acetaminophen 
 Anyone with known active liver disease 

 
Recruitment of Participants 

 
Participants were recruited from collegiate athletic teams and athletic training 
personnel. 

 
Randomization 

 
After the DOMS inducing resistance exercise regiment was completed, each 
study participant was randomly assigned to one of the three participating groups.  
Study participants assembled randomly in a straight line.  The number of 
participants in the line was divided by three.  Starting left to right of the line the 
three groups were selected with the first third becoming the ActiPatch group, 
second third becoming the control group and the final third becoming the 
acetaminophen group. 

 
Adverse Events Reporting 

 
As described in the informed consent forms, all adverse events were to be 
reported to the investigating physician or the collegiate athletic training 
personnel.  Participants were given the direct phone number to the principal 
investigator.  No adverse events were reported to either the principal investigator 
for the collegiate athletic training personnel. 

 
Data Collection 

 
Measurements of DOMS-related muscle pain assessments were done by the 
participants who completed a simple form that recorded pain and muscle 
soreness levels on the VAS line.  The data was collected by the athletic training 
personnel under the supervision of the principal investigator.  The principal 
investigator transferred the data to a spreadsheet from which statistical analysis 
was performed. 
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Statistical Analysis 

 
Data was collected from the participants approximately 48 hours after the 
administration of the DOMS inducing resistance exercise regiment using a VAS 
(Visual Analogue Score) pain assessment. 

 
Statistical Analysis 

 
Data were collected at the end of the study. The monitor copied the data from the 
individual sheets and placed in a spreadsheet with one entry per participant 
depending on the participant’s particular group, i.e., Tylenol, Control or Actipatch. 
Thus there were three columns, one for each group. At the end of the study, the 
data were provided for analysis. 
 
The data were analyzed using Excel macro’s. Means, variances and standard 
deviations for the VAS scores were calculated for each subsample. The 
difference between cell means was tested using t-tests with the following 
formula: 

  
 
where  X is the mean for the group, VAR is the variance of the observations, n is 
the sample size and the subscripts T and C  represent the two different groups 
being compared, e.g. “treatment” and  “control” group.  

 
Acceptance Criteria 

 
This study used two tailed tests and significance levels of .05, .025 and .001 to 
determine the significant differences in sample means. 

Results 

 
102 patients were enrolled in this study, 38 using the Actipatch, 38 acting as 
control, and 26 using Tylenol.  Table 1 shows the mean VAS scores for each 
subsample along with the variances for these means, i.e., var/n .  

 
Table 1: Group Means and Variances 

 Tylenol Control ActiPatch 

Means 2.507 3.179 1.500 
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Means Variance .1315 .1678 .0620 

 
Table 2 presents the results of the individual t-tests. Comparisons were made between 
Actipatch and the control group and Actipatch and the Tylenol group. The former 
comparison was significant at the .001 level; the latter was significant at the .05 level. 
 
Table 2: t-test statistics 

 t-statistic degrees of freedom significance level 

ActiPatch vs. Control 3.504 78 .001 

ActiPatch vs. Tylenol 2.290 64 .05 

 

Discussion 

 
The data from this study demonstrates the ActiPatch device manufactured by 
BioElectronics Corporation had a significant effect on reducing DOMS-related 
symptoms of muscle pain and soreness when compared to both a control group 
that received no treatment and a group that was treated with 1 gram of 
acetaminophen in the form of Extra Strength Tylenol.  Based on this data, the 
principal investigator concludes that ActiPatch is safe and effective treatment for 
DOMS. 
 
The use of ActiPatch seems to be a convenient, safe and effective new treatment 
for muscle pain and soreness, especially when compared to currently FDA 
approved over the counter treatments, such as acetaminophen, NSAIDs and 
other pain medications that may have questionable safety profiles. 
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EFORT Abstract Submission 
General Orthopaedics 
Sports / knee soft-tissue 
EFORT12-3384 
Pulsed electromagnetic field therapy reduces delayed onset muscle soreness in 
marathon runners. A doubleblind 
randomized placebo-controlled study. 
C. H. Rasmussen 1, M.S. Rathleff, C. R. Knudsen 1, S.T. Skou, M. G. Jørgensen 1, J. L. 
Olesen 1, V. Khalid 1, S. Rasmussen 1,* 

1Orthopaedic Surgery Research Unit , Research And Innovation Center, Aalborg Hospital, 
Aalborg, Denmark 
INTRODUCTION: Delayed onset of thigh muscle soreness (DOMS) is frequent in marathon 
runners. Pulsed electromagnetic field therapy (PEMF) is reported to reduce pain in different 
indications. At EFORT 2011 we presented apilot study indicating a possible effect on DOMS. 
OBJECTIVES: The purpose of this study was [VK1] to investigate if PEMF can reduce DOMS 
in a larger cohort ofmarathon runners. Primary outcome was pain and secondary outcome 
was running activity 
METHODS: The design of this study was a double blind, randomized placebo-controlled 
study covering a 5 days periodafter completion of a marathon race. Following 4 marathon 
races all runners that completed the 42.195 km were asked toparticipate in the study. A total 
of 439 runners were enrolled to 4 marathon races and were eligible, 94 were excluded and 
133 marathon runners were randomly assigned to either PEMF or placebo therapy. The 
intervention group received anactive pulsed electromagnetic field device, and the control 
group received a deactivated placebo device. Active andplacebo devices were identical. 
Placebo devices were used in exactly the same manner as the active devices but 
produced no electromagnetic field into the tissue. The pulsed electromagnetic field device 
does not produce heat orcause any sensation in the tissue and thereby blinding the 
participants to treatment. The pulsed electromagnetic fieldsignals two 2-msec burst of 27.12-
MHz sinusoidal waves every second. Peak magnetic field was 0.05 G, which induced 
an average electric field of 10 mV / cm in the muscle with an effect of 7.3 mW / cm3. All 
subjects where told to use thedevice 20 minutes four times each day and place the device on 
the most painful area on the quadriceps. Pain intensitywas evaluated three times a day with a 
Visual Analogue Scale (VAS) during a 90o squat with a self-administeredquestionnaire and 
described with area under curve (AUC). Running activity was registered. 
RESULTS: Compliance was 70 %. In the active group 36 men and 10 women returned the 
questionnaire and in theplacebo group 42 men and 5 women returned the questionnaire. 
There was no difference in demographics between theanalysed active and placebo group. 
The areas under the curves of the two groups showed a significantly lower area 
under curve for the active therapy group compared to the placebo therapy group (P = 0.024). 
The VAS scores weresignificantly lower in the active therapy group at day 1 noon (P = 0.043), 
day 1 evening (P = 0.042) and day 2 evening (P= 0.028). Furthermore the active therapy 
group ran 61 (53-78) minutes 1 day after the marathon compared to 27 (18-36) 
minutes in the placebo therapy group (P = 0.017). 
CONCLUSION: This study demonstrates that PEMF can reduce DOMS in marathon runners 
in the days following amarathon race. The increased running time in the active therapy group 
1 day after the marathon race supports thesefindings. 
REFERENCES: Guo L, Kubat NJ, Isenberg RA. Pulsed radio frequency energy (PRFE) use 
in human medicalapplications.Electromagn Biol Med. 2011; 30: 21-45. 
Rasmussen S, Knudsen C, Skou S, Gronbech M, Olesen J, Rathleff M. Pulsed 
electromagnetic field therapy may reducethigh muscle soreness in marathon runners. A 
randomized controlled pilot study. EFORT 2011/2827.pdf 
Disclosure of Interest: None Declared 
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EFORT 2012: 7,000 orthopaedic specialists gather in Berlin 

Electromagnetic field therapy reduces muscle soreness 

 

Weak pulsed magnetic fields help strained muscles to recuperate more quickly. Researchers 

at the EFORT Congress showed that marathon runners can alleviate muscle soreness more 

quickly with this method and return earlier to their accustomed exercise routine. 

 

Berlin, 24 May 2012 – Muscle soreness is one of the most common complaints of all in 
sports. Pulsed electromagnetic field therapy (PEMF) is an effective form of treatment 
according to a study presented by Danish researchers at the 13th Congress of the European 
Federation of National Associations of Orthopaedics and Traumatology (EFORT) in Berlin. In 
the method they tested, brief magnetic pulses are sent through the injured tissue, 
triggering currents and stimulating cell repair. “We were able to demonstrate that delayed 
muscle soreness in marathon runners can be reduced with pulsed electromagnetic field 
therapy,” the head of the study, Prof Dr Sten Rasmussen, noted. Prof Rasmussen is an 
orthopaedic surgeon at Aalborg Hospital in Aalborg, Denmark. 

Deceleration creates mini-tears in muscles 

Delayed muscle soreness is the form of pain that usually does not set in until hours after 
certain sets of muscles are subject to great exertion. It is caused by micro-tears in 
sarcomeres, the smallest functional units of muscle tissue. The tears are caused by the 
deceleration of a movement. Inflammations develop in the tears. Together with water, they 
form oedemas and cause the muscle to swell up. If waste products from these tears are 
transported twelve to 24 hours later and hit nerve cells, this leads to typical stretching pain. 

Magnetic pulse triggers regeneration 

Studies show that many of the widespread countermeasures such as stretching before and 
after workouts have scarcely any effect. Well-intended massaging even delays the healing 
instead of speeding it up. Heat treatment, for its part, does deliver positive results for pain 
relief and recuperation of the muscle fibres. In this first double-blind randomised placebo-
controlled study of its kind, Danish researchers showed that pulsed electromagnetic field 
therapy has the potential to become established as a therapy for muscle soreness of the 
type that occurs after marathons, for example. 

Study involving marathon runners 

A group of 133 athletes participating in four marathon races were selected for the study. 
After a completed race, they were each given a pulsed electromagnetic field therapy (PEMF) 
device to take home with them. The pulsed electromagnetic field signals two 2-msec burst 
of 27.12-MHz sinusoidal waves every second. The peak magnetic field was 0.05 Gauss (G), 
which induced an average electric field in the muscle of 10 mV/cm with an effect of 
7.3 mW/cm3. All subjects were told to use the device 20 minutes four times a day and 
place the device on the most painful area of their quadriceps. 
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Evaluation during squats and running 

What the subjects did not know was that every second device handed out was a placebo 
device with a deactivated electromagnetic field. The placebo group did not notice because 
the PEMF method is not accompanied by any sensation at all in the tissue. The researchers 
were thus able to determine the effectiveness of this application in comparison with the 
placebo group. This difference was checked three times a day during a 90° squat the 
subjects were supposed to perform and then graphically depict the intensity of their pain. In 
addition, the lengths of time they ran on days after the marathon were also recorded.  

Faster healing of pain and longer runs 

The therapy group with activated PEMF devices did in fact produce the better results. On the 
first and second day after the marathon, the intensity of pain for them was considerably 
lower than for the placebo group. The running times on the day after the marathon provided 
confirmation. With pulsed magnetic field therapy, the athletes managed to run an average 
of 61 minutes whereas those in the control group ran only 27 minutes, not even half as 
long.  

About EFORT  

The European Federation of National Associations of Orthopaedics and Traumatology, 
EFORT, is the umbrella organisation linking Europe´s national orthopaedic societies. EFORT 
was founded in 1991 in the Italian Marentino. Today it has 42 national member societies 
from 43 member countries and six associate scientific members. 

EFORT is a non-profit organisation. The participating societies aim at promoting the 
exchange of scientific knowledge and experience in the prevention and treatment of 
diseases and injuries of the musculoskeletal system. EFORT organises European 
Congresses, seminars, courses, forums and conferences. It also initiates and supports basic 
and clinical research. 

Source: EFORT Abstract 3384: Pulsed electromagnetic field therapy reduces delayed onset muscle soreness in 
marathon runners. A double-blind randomized placebo-controlled study. 
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Clinical Studies: Menstrual Pain 

 

 

1. Summary: Pulsed Radiofrequecy Electromagnetic Field 
Therapy for Menstrual Pain, a Double Blind, Randomized 
and Placebo Controlled Study 
 

2. A Randomized, Double-Blind Study Evaluating the Safety 
and Efficacy of Allay Menstrual Pain Therapy in the 
Treatment of Primary Dysmenorrhea 
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Summary: Pulsed Radiofrequecy Electromagnetic Field Therapy for Menstrual Pain, a Double 
Blind, Randomized and Placebo Controlled Study 

Principle Investigators: Dr. Barry Eppley, Dr Sheena Kong 

Background 

Primary Dysmenorrhea, commonly referred to as menstrual cramping, is a medical condition 
characterized by pain from contractions in the lower abdomen occurring at the onset of 
menstruation in the absence of an identifiable pelvic disease. Sharp pains in the lower abdomen 
begin at the start of menstruation and may continue for up to 5 days. The pain can range from 
mild to severe and can interfere with many normal activities. While the majority of women who 
have menstrual periods experience some discomfort, an estimated 10% or more are temporarily 
disabled by the high level of pain they experience. A miniaturized, lightweight and battery pulsed 
shortwave radiofrequency electromagnetic field (PEMF) device – Allay has been developed as a 
wearable pain therapy. The device operates at the 27.12MHz radio frequency, 1000Hz pulse 
rate with a pulse width of 100seconds. The electromagnetic field is delivered by a 12 cm loop 
wire antenna.  

Methods 

A total of ninety-one (91) women were enrolled with moderately to severe dysmenorrhea. 
Subjects self-reported perceived levels of pain for each day of their menstrual cycle prior to 
participation in the clinical trial were collected.  Subjects were then randomly assigned a number 
coded PEMF device, either active or placebo.  The energy from the functioning device can’t be 
felt by the recipient so subjects were unable to determine device allocation through use. The 
patients ranged in age from 18-34 years, with an average age of 26.2. Forty-eight (48) patients 
were assigned active devices while the remaining forty-three (43) received placebo devices.  
Subjects were asked to wear the PEMF device over the lower abdomen, from the onset of their 
symptoms, for 24 hrs per day for 5 days, and record their daily VAS pain scores on an 11 point 
scale (0 -10 scale). Subjects were not restricted in use of pain medications. 

Results 

On average, pain was decreased significantly on a daily basis, with the study group reporting a 
31% decrease in pain compared to the placebo group on day 1, 39% day 2, 42% day 3, 48% 
day 4 and 63% day 5. Average VAS scores for the 5 days of the study were, day 1 control v 
study group 8.3 v 5.7, day 2: 7.9 v 4.8, day 3: 7.4 v 4.3, day 4: 6.5 v 3.4 and day 5 5.7 v 2.1. 
The result indicate that over time 5 days  the percentage of decrease in pain increases, 
suggesting that there is a strong correlation between duration of use of the PEMF device and 
amount of pain reduction.  Overall 77% study group subjects reported a decrease in pain 
compared to 14% in the control group. No significant adverse events were reported. 
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Figure 1. The mean pain level in the study group were significantly lower than on each day 
compared to the control group using the placebo device. Overall over the 5 days of the study 
period those in the study group experienced 43% less pain than those in the control group. 

 

Conclusion 

The clinical study demonstrated that the PEMF menstrual pain therapy is an effective and safe 
non-drug method for use in the treatment of primary dysmenorrhea.  The results suggest that 
PEMF in this form can be used as a drug-free treatment method for women suffering from 
moderate dysmenorrhea. In more severe cases of dysmenorrhea, it can be a possible adjuvant 
treatment allowing for a reduction in the amount of oral pain medications used.  
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A Randomized, Double-Blind Study Evaluating the Safety and Efficacy 
of Allay Menstrual Pain Therapy in the Treatment of Primary 
Dysmenorrhea 

 
Investigators: Barry L. Eppley, M.D., D.M.D. & Sheena Kong, M.D. (June 2009) 

 

Prepared: June 2009 

Revision History:   September 2010 

 

 

 

FINAL CLINICAL STUDY REPORT 

 
 

Study Title:   A Randomized, Clinical Study Evaluating the Safety and 

Efficacy of Allay Menstrual Pain Therapy in the Treatment of 

Primary Dysmenorrhea 

 

Name of Device Tested:   Allay Menstrual Pain Therapy 

 

Indication:     Pain and Edema Resulting from Menstruation 

 
Sponsor:   BioElectronics Corporation 

    4539 Metropolitan Court 

    Frederick, MD  21704 

 

Study Number:  BIEL-002 

 

Phase of Development:  N/A 

 

Study Start Date:  15 January 2009  (First Subject Enrolled) 

Study End Date:  15 May 2009  (Last Subject Results Recorded) 
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Primary Investigators:  Sheena Kong, M.D. & Barry Eppley, M.D., D.M.D. 

 

Responsible Medical 

Monitor:   Barry Eppley, M.D., D.M.D. 
 

Report Date:   June 2009 

 

 

 

This study was conducted in accordance with the guidance of Good Clinical Practice (GCP), including 

archiving of essential documents. 
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STUDY SYNOPSIS 

BioElectronics Corporation 

4539 Metropolitan Court 

Frederick, MD  21704 

USA 

 

Title

A Randomized, Clinical Study Evaluating the Safety and Efficacy of Allay Menstrual Pain 

Therapy in the Treatment of Primary Dysmenorrhea

Investigators

Multicenter; refer to Appendix A for a complete listing of investigators and locations.

Study Centers

Two centers in the United States enrolled subjects in this clinical study. One center was located

in San Francisco, CA, (SF) and the other in Indianapolis, IN (IN)

Publications

None

Study Period

15-Jan-09

15-May-09

Objective

The objective of this study was to characterize the risks, effectiveness, and benefits of using

Allay Menstrual Pain Therapy for the treatment of primary dysmennorhea.

Methodology

A prospective randomized double-blind, placebo- and positive-controlled study of Allay

Menstrual Pain Therapy versus placebo in adult women for primary dysmenorrhea. The study

was randomized in a 1:1 ratio at the time of enrollment to receive either an active Allay device or

a placebo device.

Number of Subjects (Planned and Analyzed)

Planned:    70  Total Subjects, at least 30 Placebo, 30 Active

Analyzed:  91  Indianapolis: 47  San Francisco: 44

Diagnosis and Main Criteria for Inclusion

Women ages 18-35 suffering from (self-diagnosed) moderate to severe pain and discomfort 

resulting from menstruation.

Persons who do not have implanted medical devices (ie. cardiac pacemakers, implantable 

cardioverter defibrillators (ICD), neurostimulators, etc.).

Persons who have not undergone abdominal surgery.

Duration of Treatment

One menstrual cycle (5-7 days), one month.  Subjects were instructed to wear the device 

continuously for at five to seven consecutive days from the onset of their menstrual cycles.  

Subjects were also instructed to remove the device before coming into con  
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STUDY SYNOPSIS (Continued) 

Investigational Product, Dose and Mode of Administration

ActiBand, Pulsed Electromagnetic Field Therapy (PEMF).

Power Source: 3.5 V Battery; Carrier Frequency: 27.1 MHz; Pulse Width: 100 microseconds; Pulse

Repetition Frequency: 1KHz

Reference Therapy

None

Criteria for Evaluation: 

Efficacy: Self-reported levels of pain

Safety: Safety and Tolerability

Outcome Measures: Quality of life; Subjective (perceived) pain relief, Symptoms Questionnaire Data,

Comment Card

Statistical Methods:

Control: Patients self-reported perceived levels of pain for each day of their menstrual cycle prior to

participation in the clinical trial.

Efficacy: Self-reported levels of pain during the trial were compared to the control, and statictics were

collected on the percentages of pain reduction on a per-patient basis to normalize the data.  

Safety: Adverse events were assessed. The safety data summary includes all participants who wore the

device at least one day.

Outcome Measures:  Quality of life, Adherence Questionnare Data, Treatment Satisfaction  

Introduction 
Primary Dysmenorrhea, commonly referred to as menstrual cramping, is a medical condition 

characterized by pain from contractions in the lower abdomen occurring at the onset of menstruation in 

the absence of an identifiable pelvic disease. Sharp pains in the lower abdomen begin at the start of 

menstruation and may continue for up to 3 or 4 days. The pain can range from mild to severe and can 

often interfere with many normal activities. While the majority of women who have menstrual periods 

experience some discomfort, an estimated 10% or more are temporarily disabled by the high level of 

pain that they experience. It is distinguished from secondary dysmenorrhea, which refers to painful 

menses resulting from pelvic pathology such as endometriosis. 

 

Many different treatment strategies have been tried for menstrual pain but the most commonly used 

are non-steroidal anti-inflammatory drugs. (NSAIDS) Despite drug therapy, universal relief is not 

obtained and some patients experience gastric upset and other minor problems with NSAID use.  

 

Pulsed electromagnetic field (PEMF) therapy in some form has been used or investigated since the early 

1930s. There is a large body of clinical experience that has realized its value as an effective treatment for 

tissue trauma, particularly in the early stages of inflammation. Numerous studies are available that 

document its effectiveness in orthopedic surgery, arthritis, and even plastic surgery (breast 

augmentation, rhinoplasty, etc). While no study has demonstrated the complete elimination of pain or 
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need for some medication relief, PEMF has shown less dependence on medications and some 

enhancement of the recovery period. Also, no known studies have reported adverse or harmful effects 

so it is fair to conclude that PEMF is safe for human use. 

 

The precise mechanism by which PEMF works on controlling pain after injury is not known. It is 

theorized that it may affect pain levels by its enhancement of nitric oxide (NO) release, a short-lived 

signaling molecule in the anti-inflammatory cascade. It is also suggested that it has an effect on 

stabilizing cell membranes such that the edema phase of an injury is less or more rapidly resolved. 

 

Allay menstrual patches have been specifically developed for application over the uterine area. The 

looped design functions at a frequency in the 27.1 MHz ISM band and is confined within the field of the 

patch’s loop antenna. The patch induces electric current in human tissue but is oscillating at such a high 

frequency that it cannot be detected by the patient. The high frequency results in a depth of 

penetration into the tissues of approximately 10 cm. When the patch is used over a 24 hour period, it 

produces an absorbed energy of 630mJ/cc, which is well within the range of effectiveness for soft tissue 

injuries. The patch produces a power density at the skin surface between 14 and 73μW/cm² and induces 

an electrical field of about 10 mV/cm, resulting in adsorbed power levels in the range of 7.3μW/cm3. 

This provides field exposure levels at the target tissue that are five to nine orders of magnitude above 

the thresholds which have been established for non-thermal electromagnetically induced biological 

effects at the cell and tissue level. 

 

Results 
A total of ninety-one (91) women were enrolled with moderately severe dysmenorrhea and were 

randomly assigned an active or control Allay Menstrual Pain Therapy device.  Forty-eight (48) patients 

received active devices while the remaining forty-three (43) received placebo devices.  The patients 

ranged in age from 18-34 years, with an average age of 26.2. Seventy-five percent (75%) of the subjects 

were White and fifteen percent (15%) of the subjects were Asian.  A further breakdown is included 

below: 

     
Average 

Age

28.6
24.9

27.3
27.8
26.2

Active Group

San Francisco
Indianapolis

Patient Age Range:          

18-34

Placebo Group
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Race Qty %

   White 68 74.73%

   Black 7 7.69%

   Hispanic 2 2.20%

   Asian 14 15.38%

91  

          

 

Twenty-one (23.1%) subjects discontinued prematurely. However, 95% of subjects remained in the 

study for Days 1 and 2 (most severe days) of their menstrual cycles.  Seven percent discontinued use due 

to wear issues (indicated below), and five percent discontinued use because their pain was eliminated.  

Although the data shows that ten percent of participants indicated that they discontinued use because 

the device didn’t help their menstrual pain, this statistic includes the individuals given the placebo 

patch. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IN SF Total

Active 23 25 48

Placebo 24 19 43

Total 47 44 91

IN SF Total % by Day
Cum. 

Drop-Outs
Cum. %

Day 1 1 0 1 1.1% 1 1.1%
Day 2 1 2 3 3.3% 4 4.4%
Day 3 5 6 11 12.1% 15 16.5%
Day 4 3 3 6 6.6% 21 23.1%

Drop-out Rates

4 4.4%
0 0.0%
7 7.7%
9 9.9%
1 1.1%
- -

Reasons Indicated for Drop-Out

Pain Was Eliminated

Other
Lost Device
Device Didn't Help
Wear Issues
Adverse Events

Qty
% of  Study 
Participants

2 2.20%
1 1.10%
7 7.69%
10 10.99%

Placement Stability
Irritation
Moistness

Total

Device Wear Issues
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Efficacy Results 
This clinical study evaluating Allay Menstrual Pain Therapy showed that 77.1% of women using the 

active Allay patch reported either complete elimination or reduction in their typical menstrual pain and 

discomfort.  Within this group, 17 (35.4%) reported least a 50% reduction in pain.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Relative to the active group, in the placebo (control) group, six studies (13.95%) reported a reduction in 

their menstrual pain symptoms.  The differences in positive response to either the active or control 

device was of statistical significance (p < 0.05).   

 

Composite Pain Score
Estimated Percentage Pain Relief (Average)

Active Placebo Active Placebo

11 37 22.92% 86.05%
9 18.75%
11 22.92%
14 29.17%
3 6.25%
48 43 100.00% 1

# Patients

6

%

75-100%
50-75%
25-50%

Totals

10-25%
0-10% (no change)

13.95%

Po
sit

ive
 

R
es

po
nd

er
s

Negative Responders 11 22.9% 37 86.0%
Positive Responders 37 77.1% 6 14.0%

Totals 48 43

% of 

Placebo
Placebo

% of 

Active
Active
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Although the actual levels of pain indicated are subjective and vary by patient, the change in pain levels 

is the leading factor in determining efficacy.  On average, pain was decreased significantly on a daily 

basis, as indicated in the table and charts below.  The clinical results also indicate that over time the 

percentage of decrease in pain increases, suggesting that there is a strong correlation between duration 

of use of Allay and pain reduction.  By Day 5, pain had been reduced by 63.2%, compared to a reduction 

of 31.3% on Day 1.   

Control: 

Normal Daily 

Pain

Therapy: 

With Allay

% 

Decrease 

in Pain

Day 1 8.3 5.7 31.3%
Day 2 7.9 4.8 39.2%
Day 3 7.4 4.3 41.9%
Day 4 6.5 3.4 47.7%
Day 5 5.7 2.1 63.2%  

 

 

Although this correlation is also affected by the 

body’s natural tendency to reduce pain over time, the pain levels were significantly lower with use of 

Allay, and the rate at which pain decreased was significantly higher at the onset and end of patients’ 

menstrual cycles.  For instance, from Day 1 to Day 2, pain decreased at a rate of 1.25x the body’s 

perceived normal rate of pain reduction.  

 

Control: 

Normal Daily 

Pain Diff

Therapy: 

With 

Allay Diff

% 

Decrease 

in Pain

Rate Increase 

of Pain 

Reduction

Day 1 8.3 5.7 31.3%
Day 2 7.9 0.4 4.8 0.9 39.2% 125.0%
Day 3 7.4 0.5 4.3 0.5 41.9% 0.0%
Day 4 6.5 0.9 3.4 0.9 47.7% 0.0%
Day 5 5.7 0.8 2.1 1.3 63.2% 62.5%  
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The overall slopes of -0.66 and -0.86 for normal and Allay pain decrease, respectively, also suggest that 

pain may be reduced at a slightly faster rate overall with use of Allay, although not statistically 

significant.   

 

Safety Results 
One subject discontinued early from slight irritation, but there was no evidence of a clinically significant 

effect.  No (zero) subjects experienced adverse events. 

       

Outcome Measure Results 
Satisfaction with treatment was qualitatively assessed by subject-reported patience adherence, 

treatment satisfaction, and symptoms questionnaire. Comments are included in Appendix A. 

 

Conclusion 

The clinical study demonstrates that the Allay Menstrual Pain Therapy is an effective and safe non-drug 

method for use in the treatment of primary dysmenorrhea.  Allay can be offered as a primary, drug-free 

treatment method for women suffering from moderate dysmenorrhea. In more severe cases of 

dysmenorrhea, it can be an adjuvant treatment to reduce the duration of use or the amount of other 

oral medications.  

 

0Adverse Events
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Appendix A. 

Primary Investigators 
Dr. Sheena Kong is a Board Certified Internist. Dr. Kong received a Doctor of Medicine Degree from 

Washington University, St. Louis.  She completed her residency in internal medicine at California Pacific 

Medical Center in San Francisco. Prior to medical school, she studied at Harvard University, where she 

graduated with a Master’s Degree in Medical Sciences. Dr. Kong has an active internal medicine private 

practice in San Francisco, California and is part of San Francisco Internal Medicine Associates. 

 

Sheena Kong, M.D. 

1199 Bush St 

San Francisco, CA 94109 

415-267-8740 

 

Barry L Eppley, MD, DMD is a highly-skilled plastic surgeon and the only plastic surgeon in the Midwest 

certified by both the American Board of Plastic Surgery and the American Board of Oral and Maxillofacial 

Surgery.   Dr. Eppley has prominent international experience in the investigation and development of 

numerous technologic advances in medicine and plastic surgery. He has been the recipient of numerous 

National Institute of Health and private corporate research grants and studies for the evaluation of 

promising surgical technologies and medical implants. As a result, he has been awarded numerous U.S. 

and international patents on biomedical technologies. Dr. Eppley completed in 2009 the National 

Institutes of Health (NIH) Office of Extramural Research web-based training course “Protecting Human 

Research Participants” (Certificate Number: 227968). 

 

Barry L. Eppley, M.D., D.M.D. 

1111 North Ronald Reagan Parkway 

Avon, Indiana 46123 

317-06-5167 

 

Ethics 
The proposed study and the device design were reviewed by Drs. Barry Eppley, M.D. (Indianapolis, IN), 

Sheena Kong, M.D. (San Francisco,CA), Joe Danyo, M.D. (Wilmington, DE) and Lee Corbett, M.D. 

(Louisville, KY). It was collectively determined that the device posed no risk of any adverse human 

effects nor should its use interfere with any normal bodily functions. The study design was approved as 

a non-invasive treatment protocol with survey assessment that would not expose any study subjects to 

harm or increased exposure to pain. 
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Design 
A prospective double-blinded clinical study was conducted in two different cities (Indianapolis and San 

Francisco) of randomly selected women from the investigator’s medical practices, ages 18 to 35. Allay 

patches were asked to be worn at the onset of one’s menstrual cycle and worn for five consecutive days 

if possible. The outcome measure was a visual analog scale for each patient’s assessment of her 

menstrual pain severity wearing the patch versus that compared to their perception of their traditional 

cycle pain. The means of each group was statistically analyzed by a paired difference t-test. 

 The study is a prospective randomized double-blind, placebo- and positive-controlled trial of PEMF 
versus placebo in adult women for primary dysmenorrhea. 

 Participation is voluntary and subjects can withdraw at any time. 

 Greater than 75 patients: at least 30 control and 30 active patients. 

 One menstrual cycle study period. 

 Age range of 18 to 35 who have menstrual cycles that they consider significant and disabling. 
Women with secondary dysmenorrhea are specifically excluded. 

 Control patches will be identical as the actives but will not have a live battery. This will be unknown 
to either the study subjects or the investigators. 

 Patients will wear the patch inside their underwear for 24 hours per day for up to five days at the 
first sign of menstrual discomfort. 

 Patients will be given a Pain Recording Visual Analog Scale sheet to record their perceived level of 
pain experienced over their menstrual period as well as a section to make comments at study 
completion. 

 Patients are to take, if needed, any medications that they might normally take for pain relief during 
a normal menstrual cycle. 

 The primary outcome measure is to determine if there is a difference in pain reduction in the active 
vs. placebo study groups. 

 The secondary outcome measure is to determine the significance of the placebo effect between the 
active vs. placebo study groups. 

 The null hypothesis is that no difference exists in pain reduction between the active and the placebo 
study groups. (i.e., the mean pain rating scores between the same groups is the same) 

 The alternative hypothesis is that the active study group will show a lower overall pain score than 
the placebo group. 

 

Commentaries 

Effectiveness 

  ‘I can honestly say that I don’t know if the device made me feel better or it was a psychological 
effect of it, but there was definitely a decrease in pain’ 

 ‘I was surprised how fast I forgot I was wearing it’ 

 ‘I still got the stabbing pain while wearing the device, although it wasn’t as bad’ 
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 ‘This product was very useful to heal my menstrual pain especially during the first day of my 
period. This is a better way to kill the pain than using Tylenol or other pills.’ 

 ‘…I swear I felt some warmth…and my normal period pain was much less severe!’ 

 ‘This was awesome! Absolutely no pain during the first and second days which are usually the 
worst.’ 

 ‘I feel this product provided local analgesia, similar to Tylenol. I placed the product on other 
parts of my body where I had aches and pain…and it seemed to relieve the pains there too.’ 

Wear Issues 

 ‘….very uncomfortable. It became warm and I started to sweat…which made me not use it 
anymore…’ 

 ‘…if you make it smaller, people would be more inclined to use it.’ 

  ‘A little awkward to wear with clothing.’ 

 ‘…fell out on the floor when using the bathroom.’ 

 ‘..it should come with something like straps or tapes to hold it into place.’ 

 

Discussion 

Menstrual cramps and pain are the result of contractions of the uterus. Prostaglandins stimulate the 

uterine muscles to contract and shed its lining. Women who have high levels of prostaglandins will 

experience more intense contractions of their uterus and subsequently more pain. The benefit of anti-

inflammatory medications is directed towards modulating one’s responsiveness to prostaglandin levels. 

Unfortunately, anti-inflammatory medications are not always completely effective at relieving menstrual 

pain and they have well-known side effects as well. A non-drug alternative would be a novel approach to 

the treatment of menstrual pain and would address a significant unmet need. 

This clinical study has demonstrated that the Allay menstrual patch is effective at reducing and/or 

ameliorating the pain from dysmenorrhea. It is statistically significant that the active patch group 

exhibited a 77% positive response compared to just a 9% positive response in the placebo. It does so 

with no reported side effects other than some wear issues undoubtedly related to the design or material 

issues of the patch. 

 

The exact mechanism by which the PEMF of the Allay patch works for menstrual pain is currently 

speculative. Certainly, the placebo enhancement effect plays a role but that alone cannot exclusively 

account for the study results, particularly in the face of such a discrepant and very low positive response 

to the control group patches. Modulation of pain pathways is one potential explanation Pain signals are 

transmitted along nerve cells to pre-synaptic terminals. PEMF has been shown to result in pre-synaptic 

terminals that have slowed release of neurotransmitters by altering membrane potentials thus blocking 

or reducing pain signals. Another potential mechanism is the well-known anti-inflammatory PEMF by 

affecting T-cell activity and inflammatory mediator releases. It is likely that the cumulative effect of all of 

these three different mechanisms accounts for the positive responses seen. 
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PEMF therapy appears to have a role in the management of pain from dysmenorrhea which is currently 

dominated by pharmaceutical and some surgical treatments. PEMF offers a noninvasive approach with 

no side effects and no potential for drug interactions. 
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Clinical Studies: Postoperative Pain and 
Edema 

 

 

1. Use of Radio-Frequency Pulsed Energy in the Control of 
Postoperative Reaction in Blepharoplasty 
 

2. Control of Postoperative Pain with a Wearable Continuously 
Operating Pulsed Radiofrequency Energy Device: 
A Preliminary Study 
 

3. Physician Conducted Pilots and Testimonials. 
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Aesth. Plast. Surg. 6:169-171, 1982 

Use of Radio-Frequency Pulsed Energy in the Control of Postoperative 
Reaction in Blepharoplasty 

Frederick V. Nicolle,  M. Chir.,  F .R.C.S.  and Richard M. Bentall, F .R.C.S.  

London, England 

Abstract. This is a preliminary report of the use of a 
device to apply small pulses of radio-frequency energy to 
surgical wounds in order to improve wound healing. The 
device was applied to one eye in 21 patients who under- 
went bilateral blepharoplasty. There were no device- 
related complications. In l l patients, edema and ecchy- 
mosis were noticeably less on the treated side within 24 
hours of surgery. In 6 patients, ecchymosis and swelling 
were so slight that no difference between treated and 
untreated sides was visible. Two patients were noticeably 
worse on the treated side. Further studies will be con- 
ducted. 

Key words: Blcpharoplasty - -  Wound healing Instru- 
mentation 

The first mention in the literature of  the use of  
electricity for healing purposes  was possibly Adams 
in 1799. He recalls the work of Dr. Adam Birch of 
St. Thomas ' s  Hospital ,  London,  in the 1780's using 
a Faradic stimulation to assist in the relief of  pain 
and inflammation in a variety of  skin conditions [ I ]. 
D 'Arsonval ,  a French physiologist in the 1880's, 
first suggested that a biological sys tem would inter- 
act at a molecular  and ionic level with electromag- 
netic fields of  various frequencies and encouraged 
the use of shor twave diathermy |k~r physiotherapy 
14]. In more recent times, Ginsberg [7] and Fenn 15t 
have demonstra ted that a pulsed 27.12 megaher tz  
device can aid in the resolution of soft tissue 
swelling and bruising. In the 1970's, both Wilson [9] 
and Bentall [3] confirmed that these observat ions  
were reproducible in clinical practice. Other means 
have also been developed of electrically stimulating 
bone repair in non-unions. Bassett [2], Fukada [6], 
and Watson [8] used differing devices,  all of which 
in their final interaction with the tissues induce a 

Address reprint requests to Frederick V. Nicolle, 30 
Harley Street, London WIN lAB, England 

current in the tissues secondary to the electric and 
magnetic field. These  devices are large and expen-  
sive. 

In the past 5 years ,  a small portable device has 
been developed by Bentall which has been used in 
studies on secondary wound healing and on rat 
abdominal wall tensile strength measurements .  
These controlled studies, using a p lacebo device as 
a control, demonst ra ted  that there was enhance-  
ment in the acute wound healing process  of  20-30% 
in these models.  The human wound healing study 
using histological criteria pointed also to a more 
proficient wound healing process  with less pleomor-  
phism in the basal cell layer; almost  normal palisad- 
ing of the basal cells, which is not normally seen in 
wounds healing from secondary intention: and an 
almost normal hcight of  re-epithelization compared  
with the thinned epithelium in the placebo group. 
These findings encouraged the present study to be 
undertaken to ascertain the possible clinical role of  
such a device. 

The study reported here was designed to assess 
the possible benefit of  such t reatment  to patients 
undergoing cosmetic  surgery of the face. Blepharo- 
plasty provided an excellent model,  since the lids 
on each side can be compared  for differences in the 
amount of  ecchymosis  and edema.  

Material and Methods 

The device itself consists of  a small oscil lator tuned 
to 27.12 megahertz  with a t imer switching the 
oscillator so that small pulses of  radio-frequency 
energy are emitted f rom the single turn coaxial coil. 
The shape of the pulse is square and is 100 ~sec 
long, there being 1,000 pulses per  second.  The 
power is f rom a small nickel-cadmium rechargeable  
3.5-volt DC bat tery  which draws 0.5 ma; the unit 
may be used for 5 days without recourse to recharg- 
ing. The area of  the coil is approximate ly  6 cm in 
diameter. 

0364-216X/82/0006-0169 $01.00 
�9 1982 Springer-Verlag New York Inc. 082



170 Pulsed Energy in Wound Healing 

consecutive series was considered to be the most 
valid basis for comparison. 

Fig. 1. A patient who underwent upper and lower blephar- 
oplasty on both right and left eyes. The right eye was 
treated with Bentall's device and illustrates the typical 
response noted in 11 out of 13 cases where sufficient 
ecchymosis and edema existed for comparison. In this 
case, although ecchymosis is similar in both eyelids, the 
degree of edema is obviously greater in the untreated left 
eye. This difference is most obvious 24 hours postopera- 
tively, but the relative improvement is apparent through- 
out the period of observation. (A) One day postoperative- 
ly. (B) Three days postoperatively. (C) Six days postoper- 
atively 

In order to adapt this device to fit over  the eyelid 
region, 2 wire loops were designed in the shape of a 
spectacle frame which can then be held in place 
with light padding and a 2-in crepe bandage. Only 1 
loop is electrically active, the other providing a 
control. This device was applied at completion of  
surgery and removed after 24 hours. The device 
showed no indication as to which side was active, 
and this was only known to the manufacturer.  

For  the purpose of  the preliminary report,  21 
consecutive cases of blepharoplasty were treated. 
Photographs were taken 24 hours postoperatively 
when the bandage was removed,  after 3 days when 
the sutures were removed,  and after 6 days follow- 
up. Some cases were of upper and lower blepharo- 
plasty, others of  one set of lids only (Fig. 1). Some 
were operated on under local anesthetic and others 
under general. No at tempt was made to subdivide 
this group, since a study of  all the patients in a 

Results 

Twenty-one patients were studied, and the postop- 
erative course of  all o f  them was uncomplicated by 
any contributory factors such as vomiting, coughing 
bouts, or trauma which might have influenced the 
result. Two cases were excluded because of  dis- 
placement of the dressings by the patients. No 
patient complained of  any unusual pain locally or 
headaches that might have been interpreted as 
related to the electrical treatment.  

In 6 cases, ecchymosis  and swelling was so slight 
that no difference was visible between the treated 
and untreated sides. In 11 cases, improvement  was 
apparent, which was most obvious at 24 hours when 
treatment was ended. At this point edema, and to a 
lesser extent ecchymosis,  was distinctly less on the 
treated side, and this improvement  continued to be 
apparent after 6 days when the period of early 
follow-up ended. Two cases were judged to be 
worse on the treated side. 

Discussion 

A patient 's most immediate concern following facial 
cosmetic surgery is whether  they will experience 
much bruising, swelling, or pain, and how long this 
will take to recover  to a point when it will pass 
unnoticed during social contact.  This series is 
small, but the results are so encouraging that report- 
ing it seems justified. Of course, the study will 
continue and a much larger number of cases will be 
added to this study in the immediate future. 

We are also now employing a similar device for 
incorporation in face and neck lifts, which is identi- 
cal electrically but has two larger wire loops to 
cover the neck and sides of the face. Devices such 
as Bentall 's have immense possible benefits to 
plastic surgery cases, not only in cosmetic cases but 
in so many situations where the rate of healing and 
reduction of edema and ecchymosis  are of consider- 
able importance. We look forward to reporting later 
on a much expanded series. 
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Abstract

Background Pulsed radiofrequency energy (PRFE) has

long been reported to have a therapeutic effect on

postoperative pain. In this study, a portable, wearable, low-

energy-emitting PRFE therapy device was used to deter-

mine the control of postoperative pain after breast aug-

mentation surgery.

Methods The study enrolled 18 healthy women who

underwent breast augmentation purely for aesthetic consid-

erations. Postoperative pain after surgery was assessed with a

0- to 10-point visual analog scale (VAS). Baseline pain scores

were taken at completion of the operation, and the patients

were randomly assigned coded PRFE devices that were either

active or placebo devices. For 7 days, VAS scores were

recorded twice daily (a.m. and p.m.). Medication use also was

logged for 7 days. The PRFE devices were left in place and in

continuous operation for the 7 days of the study.

Results All the patients tolerated the PRFE therapy well,

and no side effects were reported. The VAS scores for the

active group were significantly lower on postoperative day

1. By day 7, the baseline VAS remaining in the active

group was 7.9% versus 38% in the placebo group. Together

with lower VAS scores, narcotic pain medication use was

lower in the patient group that received PRFE therapy.

Conclusion Postoperative pain is significantly lower with

PRFE therapy. According to the findings, PRFE therapy in

this form is an excellent, safe, drug-free method of post-

operative pain control.

Keywords Pain � Postoperative � Pulsed radiofrequency

Postoperative pain after surgery is a major priority for both

patients and doctors. Pain affects blood pressure, heart rate,

appetite, and general mood. Despite advances in our

understanding concerning the neurobiology of nociception,

the development of new analgesics, and the refining of

minimally invasive surgical techniques, postoperative pain

continues to be undertreated [1]. A 2003 survey of pain

management in the United States shows that there still is a

need to enhance postoperative pain management [2].

Improvement of effective analgesia in the early post-

operative period may lead to clinically important benefits

in terms of long-term recovery, including a decreased

incidence of chronic postsurgical pain [3]. Chronic pain

after breast cancer surgical treatment, for example, is a

major clinical problem, affecting 25–60% of patients [4].

An added benefit of improved analgesia is enhanced

recovery, with shortened hospital stays and convalescence

[5, 6].

An underused postoperative pain management method is

pulsed radiofrequency energy (PRFE) therapy, also known

as pulsed electromagnetic field therapy (PEMF), pulsed

short-wave therapy (PSWT), and RF nonthermal dia-

thermy. In 1947, the Federal Communications Commission

(FCC) assigned three frequencies at the short end of the RF

band (40.68, 13.56, and 27.12 MHz) [7] for medical use.

The frequency of 27.12 MHz is the most widely used in

clinical practice.
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The first PRFE device, the Diapulse (Diapulse Corpo-

ration, Great Neck, NY, USA), was commercially available

in the 1950s. It was followed by other commercially

available machines. As a treatment for nonhealing bone

fractures in humans, the use of PEMF is well established

[8] and has been in use since the 1970s. Clinical studies

have demonstrated its safety and efficacy as a treatment for

pain, edema, and soft tissue injury.

Some of the first studies investigating postoperative

edema and edema caused by soft tissue injury showed

promising results [9, 10]. Studies on postoperative pain

also showed good results [11–13]. Reduction of capsular

contraction in 41 patients after breast augmentation surgery

was achieved with PRFE therapy together with massage

and closed capsulotomy treatment [14]. Pain and edema

also have been treated with PRFE therapy in a number of

orthopedic conditions [7, 15–18].

Findings also have demonstrated PRFE therapy to be

effective for chronic wounds, including diabetic and

venous stasis ulcers. A number of early studies showed

good results [19], with improved healing of pressure ulcers

with PRFE treatment [20].

A prospective, randomized, double-blind, placebo-con-

trolled multicenter study assessed the clinical efficacy and

safety of pulsed electromagnetic therapy delivered by a

portable device. The device was used at home for the

healing of recalcitrant, predominantly venous leg ulcers.

Significant decreases in wound depth and pain intensity

favoring the active group were observed [21].

Important recent studies on the use of PRFE for the

treatment of chronic wounds may bring a new focus to its

application in this field [22–25], including a retrospective

study on the Regenesis Biomedical Wound-Healing Reg-

istry [24] (Regenesis Biomedical, Scottsdale, AZ, USA).

Two studies on postoperative pain using a wearable

form of PRFE from Ivivi Technologies (SofPulseTM; Ivivi

Technologies, Northvale, NJ, USA) have been reported. In

the first study, a double-blind, placebo-controlled, ran-

domized clinical trial on breast augmentation showed a

significant decrease in postoperative pain [26]. The second

study, using the same form of wearable PRFE device after

breast reduction surgery, also showed significant control of

postoperative pain [27]. In this study, a decrease in inter-

leukin 1-b was reported, suggesting a modulation of the

wound-healing process.

A potential mechanism of action for PRFE therapy has

been put forward and is reviewed by Strauch et al. [28].

Moreover, recent reports have further contributed to

understanding concerning the mechanisms of PRFE ther-

apy for wound healing [29, 30].

Continued technological advancement has allowed PRFE

devices to be produced that are smaller and less obtrusive,

as shown in Fig. 1 (BioElectronics Corp, Frederick, MD,

USA). The small size allows them to be potentially applied to

most areas of the body. They are inexpensive to produce and

easy for both the physician and the patient to use.

Materials and Methods

Patients

The ethics review board of North Texas Independent Review

Board at Medical City, Dallas, Texas approved this study.

All the patients enrolled in the study signed a consent form.

PRFE Device

The device used in this study was a PRFE device (Recov-

eryRx, BioElectronics Corp) that emits a safe form of non-

ionizing electromagnetic radiation. The carrier frequency of

this device is 27.12 MHz, the assigned FCC medical fre-

quency. It has a pulse rate of 1,000 pulses per second and a

100-ls burst width. The peak burst output power of the

12-cm antenna is approximately 0.0098 W covering a sur-

face area of approximate 100 cm2. The circuitry consists of

low-voltage (3 V) digital/analog electronics that control all

timing functions to produce the therapeutic RF field with the

antenna field placed directly above the therapeutic site.

Study Design

The study was a double-blind, placebo-controlled ran-

domized study to determine postoperative pain after breast

augmentation. The 18 patients recruited into the study had

elected the surgery for purely aesthetic reasons. Silicone

breast implants (Allergan, Irvine, CA, USA) were used for

Fig. 1 Latest version of a pulsed radiofrequency energy (PRFE)

device. The therapeutic field lies within the 12-cm antenna. The

control module containing the battery is small (4.2 9 2.0 cm, with

a depth of 0.3 cm) and streamlined, allowing for comfortable

application

Aesth Plast Surg (2012) 36:458–463 459
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all the patients, and each operation was performed in less

than 1 h.

Breast augmentation was performed in submuscular

fashion via either an inframammary or periareolar

approach. Randomization resulted in 10 patients receiving

active devices on each breast and 8 patients receiving

placebo devices on each breast. There were no patient

dropouts. The demographics of the active and placebo

patient groups very closely matched in terms of average

age (32 vs. 31.3 years), weight (134.4 vs. 134.1 lb), and

height (5.61 vs. 5.44 ft).

Once the surgery was completed, the PRFE devices

were activated and secured in place with a surgical bra. The

placebo devices were activated in the same way. A red

indicator light showed activation of both the placebo and

active devices. The active devices were not felt by the

patient, ensuring that the patients were unable to determine

the treatment group.

At completion of the operation, a baseline score was

assessed for each patient. The pain scores were assessed

using a visual analog scale (VAS) ranging from 0 (no pain)

to 10 (extreme pain). The pain scores were logged in the

a.m. and p.m. for the 7 days of the study. The use of VAS

scores to document pain is well established [31]. The

medication use by each patient also was logged. The

medications used by patients were opiate-based drugs,

oxycodone, hydrocodone, and propoxyphene.

Statistical Analysis

Means with standard deviations are reported. The differ-

ences between the active and placebo groups were deter-

mined by t-tests and repeated measures analyses of

variance (ANOVA). The F-test for the equality of vari-

ances was performed. A P value of 0.05 was considered

significant.

Results

The PRFE therapy devices were well tolerated by all the

patients, and no adverse effects were noted. Data were

obtained from all the patients and available for statistical

analysis. The baseline score, obtained at completion of the

operation before treatment, did not differ significantly

between the active and placebo groups. Therefore, the

baseline VAS score was determined from all the patients.

The VAS scores, collected twice daily (a.m. and p.m.),

were averaged to a daily mean. The mean daily VAS scores

and standard deviations are presented in Table 1.

The mean baseline VAS score was 6.46 on the 0- to

10-point scale. As shown in Fig. 2, the postoperative day 1

VAS score for the active group was 2.06 points lower than

the baseline score (P = 0.02, significant difference). The

placebo group VAS score was 6.80, which was not sig-

nificantly lower than the baseline score (P = 0.65). The

VAS score for the active group was 2.40 points lower than

that for the placebo group (P = 0.017, significant

difference).

The VAS scores in the active group were significantly

lower than the placebo group on all days except day 2

(P = 0.23), but were 1.35 VAS points (35%) lower. Fig-

ure 3 shows the comparison of the active and placebo VAS

scores with the baseline score at postoperative day 3. On

postoperative day 3, the placebo group VAS was 5.40

points. The active mean VAS score (2.57) was significantly

lower than the placebo mean VAS score (5.40) on day 3

(P = 0.003), showing a difference of 2.83 points. The

Table 1 Mean daily visual analog scale (VAS) scores and standard

deviations for the active group (A-VAS) and the placebo group (P-

VAS) during the 7 days of the study

Day P-VAS A-VAS

Baseline 6.46 ± 1.98 6.46 ± 1.98

1 6.80 ± 1.74 4.40 ± 2.09

2 5.20 ± 2.08 3.85 ± 2.36

3 5.40 ± 2.21 2.57 ± 1.32

4 4.25 ± 2.37 2.00 ± 1.27

5 3.40 ± 1.99 1.55 ± 1.23

6 3.80 ± 2.01 0.75 ± 0.65

7 2.40 ± 1.02 0.50 ± 0.40

Fig. 2 On postoperative day 1, the active group mean visual analog

scale (VAS) score at 4.40 is significantly lower than the mean

baseline score of 6.46 (P = 0.02) and the placebo mean VAS score of

6.80 (P = 0.017)
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active group recovered to 50% of baseline pain between

postoperative days 2 and 3, whereas the placebo group

recovered to 50% of baseline by postoperative day 6. These

results show that the active group recovered faster than the

placebo group.

Narcotic Pain Medication

The pain medication was logged by each patient on a daily

basis. Patients used narcotic pain medication consisting of

oxycodone 2.5/325 (O), hydrocodone 5/500 (H), hydroco-

done 7.5/500 (H?), and propoxyphene (P). The total nar-

cotic pain pill use was 145 pills in the placebo group (81 H,

9 H?, 55 O) and 110 pills in the active group (67 H, 2 H?,

26.5 O, 14. 5 P). The individual patient use of narcotic pain

pills in the active group was as follows: 2.5, 4, 5, 6, 7, 10,

14, 14, 14.5, and 33. In the placebo group, the individual

narcotic pill use was 6, 13, 18, 19, 20, 21, 23, and 23. Of

the 10 patients in the active group, 6 patients used 10 or

fewer narcotic pain pills. One patient in the placebo group

used 10 or fewer narcotic pain pills. A single patient in the

active group used 33 narcotic pain pills (H). This represents

30% of the total narcotic medication use in the active group

and more than twice as much as the next highest total of

14.5.

The statistics for patient use of narcotic medication are

shown in Table 2. The means were 11 pills per patient in

the active group and 18.1 pills per patient in the placebo

group, representing a 68% increase in narcotic medication

use in the placebo group (P = 0.07, nonsignificant

increase). However, with the outlier (patient 10) excluded,

the mean narcotic pill use becomes 18.1 for the placebo

group and 8.5 for the active group (P = 0.002, a significant

difference). The median value, which better controls for

any outliers in the data set provides a more representative

value for pain pills per patient in the active group. The

median number of prescription pills per patient was 8.5 in

the active group and 20 in the placebo group.

Discussion

The patients who received PRFE therapy experienced

significantly less postoperative pain than the patients

assigned the placebo devices. Because VAS scores are a

measure of the pain level, it is interesting to note that

totaling the mean VAS points for each day resulted in an

accumulated average total of 31.25 VAS points for the

placebo patient group and 15.62 VAS points for the active

group during the 7-day study period. This indicates that the

active group patients experienced an average of 50% less

pain than those who received the placebo device. This is a

considerable decrease in postoperative pain. It also must be

considered that the placebo patients still were experiencing

37% of the baseline VAS score, whereas the active group

had 7.7% of the baseline VAS score remaining. Thus, the

placebo group continued to experience significant pain

beyond day 7. This was highlighted by the fact that the day

7 placebo VAS point mean of 2.40 was equivalent to the

day 3 VAS point mean of 2.57 in the active group.

The data presented also show that the patients who

received PRFE therapy required less narcotic pain medi-

cation, which is not surprising, because with lower pain

scores, less pharmacologic pain medication use would be

expected. Taken together, decreased postoperative pain and

lower narcotic medication use suggests that postsurgical

complications would be reduced and that opiate-related

Fig. 3 On postoperative day 3, the mean visual analog scale (VAS)

score is 2.83 points lower in the active group than in the placebo

group and has recovered 60% from the baseline score compared with

a 17% recovery in the placebo group (P = 0.003)

Table 2 Total narcotic pills used by patient group

Total Mean SD Median P value Total Mean SD Median P value

Placebo 145 18.1 5.9 20 – 145 18.1 5.9 20 –

Active 110 11.0 8.9 8.5 0.07 77 8.5 4.6 7 0.002

Mean, median, SD, and P value as well as the total, mean, median, SD, and P value with the outlier removed (italics)

SD standard deviation
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side effects also would be less frequent. These data

therefore indicate that PFRE is a safe and effective method

for combating postoperative pain.

The pain medication side effects of opiate-based, acet-

aminophen, and nonsteroidal antiinflammatory (NSAID)

drugs have been well documented. The side effects of

opiate drugs are postoperative nausea and vomiting, uri-

nary retention, ileus, constipation, and sedation. With

acetaminophen and NSAIDs, side effects such as hepatic

and renal toxicity, coagulation, confusion, sedation, and

dizziness have been reported.

To improve analgesia and combat these side effects, the

concept of multimodal, or balanced analgesia was intro-

duced aimed at combining analgesics with additive or

synergistic effects [32]. The theory behind this approach is

that varying combinations of drugs for managing postop-

erative pain improve safety and efficacy due to their dif-

ferent mechanisms of action. There is some indication that

this has led to a reduction in opioid-related side effects and

improved analgesia [33, 34]. However, patient pain surveys

indicate that postoperative pain management still is in need

of significant improvement [2, 32]. Delivered in this form,

PRFE energy would add another dimension to the multi-

modal analgesia approach. However, to be widely used and

accepted, the PRFE device needs to be unobtrusive and

seamlessly applied to wound dressing and recovery pro-

tocols. The RecoveryRx device used in this study is a one-

time-use disposable device that operates for a minimum of

7 days, requires minimal patient involvement, and is very

economical to produce.

Figure 1 shows the latest version of the PRFE device. The

control module containing the battery measures 4.2 9

2.0 cm and has a depth of 0.3 cm. With a 12- or 8-cm antenna,

the device weighs 8 g and could be simply applied for most

surgical recovery protocols without having an impact on

patient comfort while improving outcome. Whereas this

study demonstrates the control of postoperative pain, this

form of lightweight, wearable PRFE device also has been

shown to promote the healing of chronic wounds [25].

The results of the study presented in this report show

control of postoperative pain using a unique, continuously

operating low-energy PRFE device. The control of post-

operative pain is equivalent to that in the breast augmen-

tation study by Heden and Pilla [26], with both studies

showing significantly lower VAS scores by postoperative

day 3 and both studies using portable wearable PRFE

devices. However, the two studies had major differences.

The PRFE device used in the Heden study was the Ivivi

Technologies Torino, which has a higher peak output at

0.5 W than the RecoveryRx at 9.8 mW. The operation of

the Ivivi device follows a protocol of being on initially

30 min every 4 h for the first 3 days, then 30 min every 8 h

for the next 3 days. This contrasts with the continuous

operation of the RecoveryRx device used in this study and

shows that continuous low-energy application is as effective

as a shorter treatment time with higher-energy devices in

controlling postoperative pain. The most significant differ-

ence is the physical size of the two PRFE devices used in the

studies. The Ivivi Technologies Tourino has a weight of

28 g, a 15- or 19-cm antenna, and a control module with an

approximate size of 6.35 9 6.22 cm and a depth of

1.68 cm. The weight of the Ivivi device and the size of its

control module are therefore about 3.5 times greater.

The concept of replacing short high-power PRFE energy

treatments with extended-use, low-energy treatments was

first developed by Dr. Bentall, who presented data com-

paring the effects of a 15-W PRFE device at 27.12 MHz

(Diapulse) with those of a 2-mW pulsed device at 3 MHz

on the tensile strength of rat abdominal wounds [35].

Despite the large difference in the physical size and power

output of the two devices, they showed a very similar

profile in enhancing the tensile strength of the wounds. The

15-W Diapulse treatment was given for 20 min three times

per day, whereas the 2-mW treatment was an overnight

exposure. The control condition was a 15-W light bulb.

Applying this concept to postoperative recovery, Nicolle

and Bentall [10] demonstrated the control of edema and

bruising during postoperative recovery from blepharoplasty

using a low-energy, extended-use PRFE device.

Larger-scale clinical trials still are needed for further

validation of this postoperative therapy. However, the

findings have shown the use of RecoveryRx PRFE therapy

in a clinical setting to be as effective as the results pre-

sented in this report. For example, RecoveryRx is esti-

mated to reduce postoperative pain by 60% after cesarean

section (personal communication with Ian Rawe from

Charge Nurse, Labor, and Delivery Ward).

Given the clear need to improve postoperative analgesia,

extended-use, low-energy PRFE devices potentially offer a

new dimension to multimodal analgesic techniques given

that PRFE therapy has a long history of use and that side

effects have not been reported. This mode of postoperative

analgesia and improved wound healing could be used in

almost all situations, allowing for greater flexibility in the

use of pharmacologic interventions.

Conflict of interest David G. Genecov received honoraria from

BioElectronics Corporation for the study. Ian M. Rawe is a paid
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Physician Conducted Pilots and Testimonials. 

ActiPatch and Rapid Recovery Breast Augmentation Study (Dr. Barry Eppley, 

M.D.) 

Contemporary recovery after breast augmentation is designed to be short with minimal 
disruption of one’s lifestyle. Anti-inflammatory medications and early physical therapy of the 
arms (the attachments of the pectorals muscle) are the mainstays of an aggressive recovery 
program after the placement of breast implants. Gone are the need for bulky dressings and 
restrictions on physical activity after surgery which had been the hallmarks of breast implant 
surgery in the past. The less pain a patient has, the more physical therapy they can do to further 
expedite their return to normal activities of daily living. In an effort to control pain after breast 
augmentation, I often employ pulsed electromagnetic therapy using ActiPatch topical patches 
devices. To determine whether this was actually beneficial or just a psychotherapeutic concept, 
a prospective clinical study of breast augmentation patients was done.  

 

A prospective clinical study of fourty-eight  (48) women undergoing breast augmentation was 
conducted from November 2007 to November 2008. Women underwent breast augmentation 
with either saline or silicone breast implants through a transaxillary (saline) or inframammary 
(silicone) incision. Patients were aware that they would receive ActiPatch therapy as part of their 
postoperative protocol. At the completion of surgery, ActiPatch devices (crescent-shaped) were 
placed over the medial and superior aspect of the breasts (over the pectorals muscle) and taped 
into position inside their surgical bra. For the first twenty patients, the device was activated 
(activating tab pulled)  on the left breast and on the opposite right breast the device was not 
activated. (activating tab was trimmed but not pulled) The patients were not informed which 
devices were which. In the next twenty-eight patients, the device locations were reversed. 
Patients were instructed to wear the devices for the first seventy-two hours after surgery after 
which they were to be discarded. Patients were given a sheet to complete at the time of 
discontinuing their ActiPatch therapy so that they could rate their postoperative pain on a simple 
scale (1 - 10) and, most importantly, compare and rate the pain between the two breasts at that 
time period.  

In the first twenty patients, fourteen rated the active device breast as less uncomfortable than 
the control patch side. In the next twenty-eight patients, twenty-one rated the active side less 
painful. In total, thirty-five patients (73%) reported less pain and more comfort ability on the 
breast that received pulsed electromagnetic therapy than on the control side.  

Pulsed electromagnetic therapy has been around for a long time and its potential benefits are 
based on creating an anti-inflammatory effect. ActiPatch provides a simple, low-cost method of 
delivery of this potential healing technology. In this breast augmentation study, ActiPatch 
demonstrated less pain within the first few days after surgery. Given its ease of use and lack of 
any potential for creating any adverse problems, its use as part of a breast augmentation 
recovery protocol appears to have offer patients some real benefits.  
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While all pain studies are flawed, and this one is no exception, it certainly suggests that pulsed 
electromagnetic therapy (PEMT) should be further explored. A change in the design of the 
device so that it ‘fits’ the breast better may be even more useful. A large round loop that would 
fit around the circumference of the breast is more likely to deliver the effects of PEMT to the 
breast in a more even distribution although I could argue that the pain after breast augmentation 
is muscular rather than ‘breast’ in origin. 

 

ACTIPATCH - A New way of treatment, Pilot investigation of 52 patients in 

general praxsis. 

Evaluated September – October 2008  

Jørn Bennedbæk, MD 

Hypothesis of treatment 

In living healthy cells the potential of the membrane potential is stable equals rest potential. The 
inside of the membrane is negative in relation to the outside. Most of our cells have a rest 
potential in the membrane in the range about 70 mill volt. When it increases it is  hyperpolarized 
, if it decreases  the membrane will  depolarise. If the 70 millivolt is valued as a field over the 7 
nanometer thick membrane, the strength of the field equals  10.000 volt pr.mm. Changes in the 
environment/field has direct effect on  conformation  of proteins in the plasma  membrane and  
due to this abilities of the composition of multi formations of amino acid (ref. 1) The synthesis of 
proteins in fibroblasts  in electromagnetic fields has been investigated earlier (ref.2) 

ActiPatch uses the modulated radio frequencies generated electromagnetic field to induce the 
low-frequent membrane stabilizing pulse, with amplitude in the field of 1 kHz / 100 uV/cm the 
membrane will due to this, be forced to re-establish the rest potential. 

The effect can be at more points. Stabilizing the cell. Improvement of Cell-to-cell 
communication. Improvement of the neuron-transmission. The direct and indirect effect in 
inhibition of the inflammation process at all levels. 

Duration of treatment 

The patients received instructions in use with application from bedtime until morning every day 
for one week. The effect had to be noted on a visual scale from  0-5, where (vs5 ) is maximal 
(start) pain and  (vs0)  no-¨pain.  Duration of the test was 7 days. 

  

Diagnosis and results 

3 patients with fascitis pedis. 1 pain free  after 5 days, 1 after 6 days No..3 was on stage (vs1) 
after 7 days. 
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7 patients with  epicondylitis lateralis. 1 was free of pain day 4, 4 on day 6, and 1 had only slight 
pain  (vs2)  on day 7. 1 * had no effect. 

2 patients with epicondylitis medialis had no pain, whatsoever on day 6. 

4 patients with tibialis anterior syndrome. 2 were free of pain after 3 days and 2 on day  5 . 

2 patients with Mb.Osgood-Schlatter had no  effect after  7 days. 

2 patients with pes anserinus tendinitis had only slight problems on day  7 dage (vs1) 

3 patients with polyartrosis manuum  verified also as  arthritis rheumatoides  . 2 had no pain  
after 6 days,  1 had only slight problems on day 7  (vs2) 

2 patients with arthritis urica. On day 7 one had only slight pain (vs1) and the other had 
moderate pain (vs3) 

8 patients with myosis lumbale et paravertebrale without referred  pain or neurological deficits. 3 
had  no pain on day 4  ,2 on day 5 . 1 on day 6. and 2 had only slight problems on day 7 (vs2) 

2 patients with pain one year after surgery for cervical prolaps of discus. No effect. 

2 patients with pain one year after surgery for lumbal prolaps of discus .1 had moderate pain 
day  7 (vs2) 1 had no effect. 

3 with distorsio pedis/laesio lig. talofibulare anterior. 2 had no pain day 6.  1 had day  7  only 
slight problems  (vs1) 

8 patients with various tendinites of wrest /forehand and antebrachium (flexors and  
brachioradialis). 4 had no pain  day  3. 1 on day  4  1 on day 5 and  1 on day 6.dag. 1 had no 
effect . 

4 patients with tendinitis of Achilles. 3 had no pain day 5 .1 on day 6. 

*    Had earlier operation on pronator teres syndrome bilateralis. 

 

Discussion 

AP has proved convincing effect at many conditions. There were neither side-effects reported 
nor complaints of any kind. The device is simple and easy to handle. 

Spontaneous remission would appear at more of the patients in this investigation, but how fast 
in relation to these results? 

2 patients with rheumatoid arthritis concluded the relief of pain  just as  effective as the 
treatment of steroids in high-dose for short periods, but faster effect. 
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In this pilot project, application was only 8 hours per day. The device may and can be used 24 
hours per day.  Could more of the patients have effect faster or some at least have had an effect  
if the device were used   permanently.   AP has power for 720 hours. The  primary  impression 
in effect of the treatment of patients with the diagnosis, where positive response has been 
notified is effect at least as effective as usually treatment, but with far faster onset of relief. AP 
has cell restitution effect and more test has been started in examination of  wound  healing  and 
effect on post-operations conditions (healing process, haematoma etc.) and latest in treatment 
of psoriasis.  

ActiPatch has been in use on more patients with ulcers of the lower limbs treated by nurses in 
the county.  

Furthermore the joint pains of one psoriasis patient disappeared after 1 week of treatment. 
When stopped the joint pain came back after few days. Disappeared again with re-use of the AP 
for few days  

More injuries from sport has been treated with AP and has proved excellent results. Many 
questions now and in the future will be asked in order to examine further possibilities and effects 
of the AP. Further investigation on a scientific basis has to be done to find right indications of 
treatment and duration of the many diseases potentially involved. 
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ActiPatch Therapy Following Cosmetic Surgery of the Face and Neck: A Valuable 
Adjunct to the Postoperative Management 
 

Casas, Laurie A., MD FACS 

 

ActiPatch Therapy has become an integral part of the postoperative treatment plan/regime in 
my patients following Blepharoplasty, Rhinoplasty, Facelift, Neck lift and Liposuction of the 
Neck. After completing a Prospective Observational Study which evaluated the effects of using 
ActiPatch on 32 patients (52 procedures) as compared to a control group of 30 patients (45 
procedures) who underwent the same cosmetic procedures without the use of ActiPatch, we 
found that ActiPatch Therapy  decreased postoperative swelling, bruising , localized fibrosis and 
localized discomfort by 30-50%. Because of this Observational Study I have added ActiPatch 
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Therapy to my postoperative protocol for patients undergoing cosmetic surgical procedures of 
the face and neck and who desire a decrease in their postoperative recovery time. 

I performed a prospective observational study on 32 patients (52 procedures) using ActiPatch 
Therapy and compared them to 30 patients (45 procedures) control group to evaluate the effect 
of ActiPatch on postoperative 1) swelling and bruising, 2) localized subcutaneous fibrosis and 3) 
localized discomfort. Both groups of patients were on the same preoperative protocol of vitamin 
supplements and postoperative protocol which continued the use of supplements and added the 
use of Cox 2 inhibitors for localized pain. In addition, all patients had Manual Lymphatic 
Drainage with a specific protocol of 2 visits per week for 6 weeks. Both groups of patients were 
evaluated by a Nurse Practitioner, the treating physical therapist and the senior author at 3 
days, 5-6 days, 7-10 days, 13-14 days, 21 days, 28 days and 42 days postoperatively. An 
observational data sheet was completed at each visit which documented 1) localized pain, 2) 
swelling and bruising, 3) the soft tissue fibrosis which is characterized by subcutaneous lumps 
and tightness and discomfort when moving the operated part. The ActiPatch was either placed 
under the gauze head wrap dressing in the facelift, neck lift and neck liposuction patients, and at 
the glabella or corner of the brow in the Rhinoplasty and Blepharoplasty patients. All patients 
used the ActiPatch for the first three days and some continued to use it for a total of ten days. 
The endpoint was when all visible bruising had resolved.  

We found that ActiPatch therapy was very effective in decreasing postoperative swelling and 
bruising. Specifically, our observers noted a 30-50% reduction in the number of days the 
patients had visible swelling and ecchymosis compared to the control group. Both groups had 
Manual Lymphatic drainage and Deep Tissue Release Therapy scheduled for 2 times per week 
for six weeks.(ref: “Manual Lyphatic Drainage: An Integral Component of Postoperative Care in 
the Plastic Surgery Patient” Presented at the Annual Conference of the American Society of 
Lymphology, Chicago, IL  August 1999 and “The role of Manual Lymphatic Drainage in the 
Postoperative Care of Cosmetic Plastic Surgery Patients”, Presented at the Annual Conference 
of the American Society of Lymphology, Las Vegas, Nevada October,2004.) The ActiPatch 
group required 30-50% fewer sessions to decrease swelling, bruising and localized discomfort 
from soft tissue fibrosis. The endpoint of Lymphatic Drainage Therapy is decided by both the 
patient and the therapist who together decide that the operated tissues feel and look normal. 

ActiPatch Therapy is very useful to decrease the swelling, bruising and localized discomfort in 
patients undergoing cosmetic of the face and neck. The following protocol is now used in my 
practice for all patients who desire a decrease in their postoperative recovery time following 
Cosmetic Surgery of the face and neck. 

Blepharoplasty:  ActiPatch 500 either over each eyebrow, or at the corner of each brow or under 
each lower eyelid. 24 hours per day for 3-7 days. It is removed for showering and replaced by 
moistening the hydrogel. Some patients used paper tape to help hold the ActiPatch in position.  

Rhinoplasty: ActiPatch 500 at the Glabella 24 hours per day for 3-7 days. 

Facelift: ActiPatch 500 is placed on each preauricular area under the gauze head wrap 
dressing. When the dressing is removed the ActiPatch is placed either in the pre or post 
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auricular area as the swelling drops down the face to the neck lymph nodes over the first 3-10 
days after surgery. 

Neck Lift: ActiPatch 500 is placed on both sides of the neck under the ear and under the gauze 
head wrap dressing. When the dressing is removed the ActiPatch is worn on the neck are 
where the most swelling and bruising is visible for the first 3-10 days. 

Neck Liposuction: same protocol as Neck Lift. 

ActiPatch is removed for showering and replaced by moistening the hyrogel. Some patients use 
paper tape to help hold the ActiPatch in position.  

  

096



Abdominoplasty Post-Operative Pain Control with ActiPatch 

 
Kimberley B.C. Goh, M.D. 

An abdominoplasty is one of the most painful cosmetic body contouring procedures we perform.  
Fear of post-operative pain has always been an obstacle for patients when considering an 
abdominoplasty.  There is now a new, portable, lightweight and low cost way to decrease 
postoperative pain. The ActiPatch is a device which produces pulsed electromagnetic therapy 
that helps reduce swelling relieve pain and enhance healing.* 

I have been using the ActiPatch 500 for postoperative abdominoplasties for about six months 
and have been very impressed at its pain control.   Prior to ActiPatch I had been using 
oxycodone and diazepam for postoperative pain control with intra-operative marcaine placed 
under the flap prior to emergence from anesthesia.  The patients complained of significant pain 
and usually needed additional prescriptions for both pain and muscle relaxers within four days 
of surgery and often again at one week.  Since using ActiPatch postoperatively I have not 
written a supplemental prescription for pain control and they have some left over.  Their narcotic 
and medication needs have now decreased approximately seventy five percent. 

Initially four patients were placed on ActiPatch for pain control after abdominoplasties.  All 
patients had standard abdominoplasties with muscle and skin tightening; one had an augment 
performed as well. The charts were reviewed and interviews performed retrospectively to the 
physician to evaluate postoperative pain and narcotic use. 

The first patient, A., was a 44 year old woman who had three full term pregnancies and several 
months of nursing.  She complained of loss of breast fullness and a saggy abdomen.  Physical 
exam revealed ptosis and pseudoptosis of her breasts and a lax abdominal wall, especially the 
upper abdomen, and loose skin on the upper and lower abdomen.     She underwent a standard 
abdominoplasty and a bilateral subglandular breast augment. The breast augment was 
performed using a smooth round saline Mentor implant 350cc filled to 400cc in subglandular 
position through an inframammary incision.  The abdominoplasty resected about 40 X 13 
centimeters of skin, and the diastasis recti was corrected (about an eight centimeter plication).  
Fourteen cc of ¼% marcaine was placed under the flap at closure.  As the patient was emerging 
from anesthesia the ActiPatch 500 was placed on the epigastrum and attached using its 
adhesive pad directly on the skin.   

In recovery she needed one oxycodone for immediate postoperative pain. The evening of 
surgery she rested comfortably, and on her first visit on postoperative day one she came for her 
appointment wearing makeup with her hair styled and had minimal complaints of pain.  She had 
been taking only one oxycodone every six hours because she was afraid that it would hurt, but 
had no complaints of abdominal pain. She had her oxycodone changed to mepergan because 
of nausea, but used very little her first week.  She said she felt “she could have run a marathon” 
and could not believe how little pain she had. 

Patient B was a 30 year old woman with two full term pregnancies who complained of a lax 
abdomen after multiple pregnancies and a previous cesarean section five years prior.  She 
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underwent a standard abdominoplasty.   Of note is that she had undergone a scheduled knee 
surgery two days prior to her abdominoplasty in order to make her recovery simultaneous.  At 
surgery she had a 14 X 46 centimeter skin resection and an eight centimeter tightening of her 
diastasis recti.  Fifteen cc of ¼% marcaine was placed under the flap at closure.  The ActiPatch 
500 was activated and placed directly on the epigastrum after the wound was closed.  In 
recovery she had one oxycodone given orally.  The first evening postop she used less than one 
oxycodone and one diazepam every six hours.  The first day postop she complained only of 
knee pain, and felt that the abdominoplasty was less painful than her previous cesarean section.  
She also came in wearing facial cosmetics and had her hair styled on her first day after surgery.  
Her first week post op she also used less than 20 each of diazepam and oxycodone.    

Patient C was a33 year old nulliparous woman with a previous submuscular augment 
mastopexy who complained of inability to tighten her lower abdomen with diet and exercise.  
She underwent a standard abdominoplasty with resection of approximately 13 centimeter by 43 
centimeter skin ellipse, and an eight centimeter diastasis recti plication.  Postoperatively she 
had an ActiPatch 500 activated and applied to her epigastrum.  In the recovery room she had 
one oxycodone orally for pain. The evening of surgery she took one and one 5 mg diazepam.  
By the evening of surgery her only pain was on moving to stand or recline.  At rest she was pain 
free and reported less pain than her previous augment mastopexy.  The following week she 
took one or two oxycodone a day.  

Patient D was a 56 year old with one full term pregnancy who was interested in improving her 
saggy lower abdomen.  She had a previous lower midline incision for a cesarean section and a 
right lower quadrant incision for a bone graft donor site.  She had significant diastasis recti and 
a small abdominal pannus.   She underwent a standard abdominoplasty with repair of diastasis 
and right lower quadrant plication for asymmetrical laxity.  She had a 15 X 42.5 skin resection 
and a six centimeter plication.  She had 12 cc of ¼% marcaine placed prior to emergence under 
the flap.  Postoperatively she had one ActiPatch 500 device placed on the epigastrum.  In the 
recovery room she had one oxycodone, and the first evening of surgery, one diazepam and one 
oxycodone.  The next few days she was taking one to two diazepam once a day and one 
oxycodone four times a day.   By the end of her first week she had taken about twenty of the 
oxycodone and even less of the diazepam.      

The amount of pain relief with the ActiPatch after a major surgery is impressive.  This 
retrospective review of patients’ charts and interviews demonstrates a marked decrease in 
postoperative pain and use of narcotics in abdominoplasty.  While the ActiPatch can assist with 
healing and reduce swelling, those benefits are difficult to appreciate in actual clinical practice.  
The amount of pain relief however is easier to evaluate.  There is a marked decrease in the use 
of pain medications and as well as a significant increase in comfort level.  It is currently a low 
cost, small, portable, narcotic free pain control device, and should be considered in all major 
abdominal surgeries. 
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960 - LOW-LEVEL PULSED RADIOFREQUENCY FIELDS AND THE
TREATMENT OF SOFT-TISSUE INJURIES
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(Manuscript received April 19th 1986)

SUMMARY

The aim of this lecture is to outline the main physiological processes involved in the heating of
wounds and to suggest a mechanism by which pulsed radiofrequency (RF) energy, or the currents
induced in tissues by the application of that energy, may influence its course.

Emphasis is given to the part played by oedema in inhibiting the processes of wound healing .
Reference is made to the growing evidence that pulsed RF energy affects the time course of wound
healing and the hypothesis is proposed that one possible mechanism by which pulsed RF energy
accelerates wound healing is by reducing oedema .

INTRODUCTION

Interest in the therapeutic potential of pulsed RF energy was stimulated follow-
ing reports of bioelectric fields being associated with amphibian limb regeneration
and bone mechanics [1-3] . It was at about the same time the first reports of the use
of pulsed electromagnetic fields in relation to wound healing emerged [4-10] .

Much of the initial work, particularly in the orthopaedic applications, was
performed using direct current, pulsed direct current or alternating current, but
more recently similar effect on bone healing have been demonstrated using pulsed
electromagnetic field [11-13]. Watson [14] has reviewed bioelectrical effects in hard
tissue applications and Frank and Szeto [15] have reviewed electromagnetically
enhanced soft-tissue wound healing.

It was noted by Cameron [7] that pulsed radio frequency treatment of a surgical
incision in the dog resulted in less severe oedema than in the untreated controls . If
pulsed RF energy reduces oedema and so accelerates the preliminary stages of
wound healing, it should also enhance the second and third phases . It is this
hypothesis that has been investigated.

531

* Invited lecture delivered at the VIIIth International Symposium on Bioelectrochemistry and Bioen-
ergetics, Bologna, June 24th-29th 1985 .
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Types of wound healing

Wound healing is usually divided into four main types according to the type of
tissue involved and the nature and treatment of the wound [16] :

(i) Primary wound healing - a soft-tissue wound closed by surgical procedure .
This occurs in the vast majority of surgical wounds in which the edges of the wound
are apposed .

(ii) Secondary wound healing - a soft-tissue wound left to granulate as a means
of closure . This occurs in wounds in which the edges are widely separated either as a
deliberate surgical policy or as a consequence of tissue loss or destruction. This type
of wound healing is most often encountered in pressure sores, leg ulcers and burn
injuries .

(iii) Hard tissue healing - the repair of fractures by bone regeneration . this will
not be covered further .

(iv) Healing in specialised tissues - lining epithelia and nerve tissue.

Phases of wound healing

The features of wound healing involve an acute inflammatory phase, a reparative
phase, and a remodelling phase [17-20] . The time span for these events to take place
can be measured in minutes and hours in the first phase, days to weeks in the
second, and months to years for the third and final phase, at the end of which the
wound is completely healed.

These three phases of wound healing consist principally of the following physio-
logical events :

(a) The acute inflammatory reaction phase
(i) Changes in vascular permeability .
(ii) Appearance of fibrin .
(iii) Infiltration of leucocytes and macrophages .
(iv) Localised extravasation of blood .
(v) Alteration in histamine and local hormone levels associated with bradykinins,

prostaglandins and complement .

(b) The reparative phase
(i) Decrease in local inflammatory reaction.
(ii) Appearance of fibroblasts in the wound area .
(iii) Associated production of collagen by the fibroblasts leading to increased

wound tensile strength .
(iv) Absorption of extravasated blood constituents .
(v) Epithelial migration and basal cell mitotic activity .

(c) The remodelling phase
(i) Longer period of slower collagen deposition .
(ii) Crosslinking of collagen fibres.
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(iii) Repair of nerve endings.
(iv) Formation of scar tissue .
In secondary wound healing the following additional events occur during the

reparative phase :
(i) Proliferation of capillary loops into the defect .
(ii) Formation of granulation tissue in the area of tissue loss.
(iii) Epithelial migration over the granulation tissue .
(iv) Maturation of fibrous tissue from the granulation tissue .
A disadvantageous feature of secondary wound healing is that when the granula-

tion tissue is resorbed it converts into massive fibrous tissue which leaves a puckered
scar.

Factors affecting wound healing

There are many factors which influence the course of healing ; the main factors of
importance are listed below [18,21-25] :

(i) Blood flow to the site of injury .
(ii) Transport of oxygen to the wound.
(iii) Oedema and inflammatory reaction in the wound .
(iv) Nutritional status (Vitamin A, B, C and D, zinc and proteins are all

essential).
(v) Underlying pathologies, e.g. renal failure, diabetes mellitus .
(vi) The effects of some drugs, e.g. steroids .

Wound healing and oedema

Blood flow and hence the transport of oxygen to the wound is of paramount
importance in the normal sequence of healing . Respiratory uptake of oxygen by
haemoglobin in red blood cells occurs in alveoli in the lungs . It is then transported
in the peripheral circulation to capillaries in the tissues . Oxygen diffuses out of the
capillaries, through the interstitial spaces and into the cells . The rate of diffusion
depends upon the oxygen tension gradient across the interstitial space and the
overall distance between the capillaries and the cells [22,26] .

Oedema is an accumulation of fluid in the interstitial spaces between the cells
[27]; it is the cause of swelling and, in the case of a surgical wound, may cause
visible tension around the suture line [28] . Oedema occurs during the inflammatory
reaction phase of wound healing as a result of changes in microvascular permeabil-
ity [29] .

In Sevitt's classic. work in 1958 [30] he described the cycle of events following
bum injury which leads to tissue necrosis . He pointed out that oedema reduces the
perfusion pressure by raising the pressure within the tissue . Oedema occludes the
capillaries at the site of the wound and thereby prevents the flow of blood . This in
turn reduces the supply of oxygen to the cells [31] . In addition, the accumulating
oedema between the cells and the capillaries increases their physical separation

5 33
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which slows oxygen diffusion from the capillaries to the cells . This view is supported
by the work of Remensnyder [32] demonstrating that steep oxygen gradients exist
over very short distances surrounding a 1 mm burn of the rat cremaster. Moreover,
he showed that the hypoxic areas of the wounds corresponded to the observable
areas of vascular stagnation and thrombus formation .

The influence of oedema is not limited to the inflammatory phase of wound
healing. For example, Speer [33], using a primary wound healing model, demon-
strated a significantly lower tensile strength in the portion of a wound which had
been associated with relatively severe oedema . He also documented evidence that
the oedematous areas of the wound showed relatively slow afferent and efferent
microcirculation compared with the non-oedematous areas . It seems likely that the
dynamics of the microcirculation is altered by oedema. The destructive inflamma-
tory phase of wound healing is thus prolonged, resulting in the delayed onset of the
collagen synthesis phase of wound healing [34] .

This concept of a prolonged inflammatory phase of wound healing is supported
by the demonstration [29] that low tissue oxygen tension (indirectly caused by
oedema) may be responsible for increased capillary permeability. The existing
interstitial oedema is thus further compounded .

In conclusion, oedema exerts three detrimental effects during the inflammatory
phase of wound healing :

(i) Stagnation due to increased tissue tension.
(ii) Increased distance for oxygen diffusion .
(iii) Increased permeability of the capillaries .
These effects interact to delay the onset of collagen production which, in turn,

delay the development of tensile strength of the wound .

TENSILE STRENGTH OF RAT ABDOMINAL WOUNDS

Introduction

The effect of pulsed RF energy on the development of tensile strength of a
wound was investigated in a laboratory animal model . The purpose of this study
was to compare, at two time intervals following surgery (2 days and 8 days), the
tensile strength of rat abdominal wounds treated with one of two pulsed radio-
frequency devices (15 W or 2 mW nominal output) compared with a placebo
equivalent (15 W light bulb) .

Method

110 Wistar rats (200 grams) were used in this study . Under ether anaesthesia a
2.5 cm transverse incision was made in the abdominal wall through to the peritoneal
cavity of each rat. The wounds were closed with five interrupted silk sutures through
all layers and the rats were randomly assigned to one of three treatment groups : 15
W, 2 mW or placebo .
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The daily treatment regimen for each of the groups respectively was three
episodes of 20 min exposures to the 15 W device, overnight exposure to the 2 mW
device, or three episodes of 20 min exposure to the 15 W light bulb . Treatment
continued until the randomised sacrifice of each animal at two or eight days
post-operatively .

Prior to sacrifice each rat was anaesthetised, a plastic bag was inserted into its
peritoneal cavity and its sutures were removed . The bag was progressively inflated
with water at a constant rate until the wound ruptured, The pressure of water in the
bag was recorded continuously to determine the resistance of the wound to
increasing intra-abdominal pressure .

Device specifications

(i) Placebo device - 15 W light bulb .
(ii) 15 W pulsed RF device :

Nominal power output

	

15 W
Carrier frequency

	

27 MHz
Pulse width

	

65 µs
Pulse repetition frequency

	

200 Hz

(iii) 2 mW pulsed RF device :
Nominal power output 2 mW
Carrier frequency 3 MHz
Pulse width 100µs
Pulse repetition frequency

	

1 kHz

Results

The profiles of the tracings of pressure against time were different at the two
different time intervals. Two days after incision the wounds were still quite weak
and there was a single point at which each wound completely broke down . Eight
days after incision there was a biphasic response . A first pressure peak was reached
when the fascia ruptured, allowing the bag to spread out and the water pressure to
drop. A second peak was then reached when the skin itself parted .

Three separate methods were used to quantify the tensile strength of the wounds :
(i) End volume - the total volume of water infused into the bag when the

wound burst. This value was extremely variable at eight days and is not reported .
(ii) Area under the graph - this integrates the time period (seconds) over which

pressure of water (mm Hg) was withstood and hence allows for different sized
peritoneal cavities and for differences in the extent to which the bags spread out .

(iii) Wound index (8 day groups only) - this is the sum of the two pressure
peaks multiplied by the time difference (in seconds) between them .

5 3 5
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TABLE 1

Tensile strength of rat abdominal wounds at two and eight days following transverse surgical incision

T tests were used to compare the experimental groups with the placebo groups
and the results are shown in Table 1 .

Conclusions

These results clearly show that pulsed radiofrequency energy from both these
devices does have a significantly effect on the tensile strength of rat abdominal
wounds.

Despite the gross differences in the physical size and power output of the two
devices (15 W and 2 mW), they showed a very similar profile of activity in
enhancing the development of tensile strength. This confirms that the effect of
pulsed radio frequency energy on wound healing is not thermal in origin .

HUMAN EXPERIMENTAL SKIN WOUNDS

Introduction

If an effect of pulsed RF energy on oedema leads to improved oxygen supply and
the earlier appearances of the reparative events of the second phase of wound
healing, its beneficial properties will not be confined to primary wound healing .

Two double-blind experiments were performed to determine the effect of treat-
ment with pulsed RF fields on the histological appearance of repaired human
full-thickness punch wounds of the skin of the lower limbs . This is a secondary

2 DAY 8 DAY

value % increase p valuevalue % increase p value

Placebo groups
n = 25
End volume 97.7 - - -
Area under graph 1777.2 - - 13116 .4
Wound index N/A - - 10563 .4

15 W groups
n=25
End volume 112.7 15 .4 0 .025 - - -
Area under graph 2252 .2 26.7 0 .025 20642.5 57 .4 0.025
Wound index N/A - 17563 .4 66 .3 0.01

2 mW groups
n=5
End volume 113.6 16.5 0 .025 - -
Area under graph 3256 .6 83.2 0 .01 13910.0 1 .1 NS
Wound index N/A - - 15287.0 44 .7 0.01
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wound healing model which permits good experimental control. The first experi-
ment sought to establish whether any effect of pulsed RF field could be observed .

The purpose of the second experiment was to investigate at what point in time
the thickened epithelium observed in the first study developed, and to obtain
histological evidence confirming that the events of the reparative phase of wound
healing occur earlier in the treated wounds .

Method

Experiment 1 : A full-thickness disc of skin (2 cm diameter) was removed from
each inner calf of a human volunteer . Each wound was allocated an identical
treatment device, one active and the other placebo . The identity of the device was
revealed only when the wounds had completely healed . The devices were worn for
16 h a day until that time. Biopsies of both wounds were performed nine months
after healing. The tissue was sectioned and stained with either Haematoxylyin +
Eosin or Van Gieson. The sections were examined by a histopathologist who was
not aware which wound had been actively treated.

Experiment 2 : In this double-blind experiment, a series of twenty (3 mm
diameter) full-thickness wounds were made on the upper aspect of the thighs of a
human volunteer. Ten wounds received placebo treatment, the other ten received
active treatment . The pulsed RF devices were similar to the lower power devices
used in the rat tensile strength experiment and were worn continuously . Biopsies of
the wounds were performed during the initial period of healing, at 1, 2, 3, 5, 7, and
14 days. The results shown below are a summary of all of time groups .

Device specification

Power source

	

3.5 V battery
Carrier frequency

	

44 MHz
Pulse width

	

100 µs
Pulse repetition frequency

	

1 kHz

Results

Experiment 1 :
The placebo side was characterised by a thin epidermal layer (see Fig. 1, side B)

and showed other features of normal secondary wound healing :
(i) Basal epidermal layer pleomorphism .
(ii) Lack of pallisading.
(iii) Endarteritis .
The placebo-treated wound took 54 days to heal .
In contrast, the actively treated wound showed an almost normal depth of
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Fig. 1. Epidermal layer of repaired human punch skin wound . (A) Actively treated wound ; (B)
placebo-treated wound . (Arrows indicate the wound edges .)

epidermal layer (see Fig . 1, side A) and other advantageous features not usually
associated with secondary wound healing :

(i) No pleomorphin .
(ii) Basal cell pallisading.
(iii) No endarteritis, but developed endothelium .
The actively treated wound took 39 days to heal .

Experiment 2:
As with the first experiment the placebo-treated wounds showed the typical

features of secondary wound healing :
(i) Thin epidermia.
(ii) Basal-layer pleomorphism .
The actively treated wounds showed evidence of :
(i) Earlier epidermal budding.
(ii) Earlier migration into the wound.
(iii) Earlier appearance of rete ridges .
(iv) Almost normal depth of final epidermis .

Conclusions

Treatment of skin wounds with pulsed radio-frequency energy influenced the
processes of acute secondary wound healing . The rate of healing was accelerated
and the histological appearance of the actively treated wounds showed that the
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healed epidermis was more like normal skin than the scar tissue typical of secondary
wound healing.

MENINGOMYELOCELE STUDY

Introduction

A meningomyelocele is a hernial protrusion of the meninges and spinal cord
roots through a bony defect in the vertebral column . Some infants are born with this
condition, requiring surgical closure of the defect within the first few days of life .
One of the complications of the procedure is dehiscence of the wound (due to the
tension of the skin across the operative site) . The meninges may become exposed,
thus providing a route for infection which may lead to ascending meningitis . This
can end in mortality .

The purpose of this study was to determine the effects of pulsed RF energy on
the integrity of surgical closure of this defect . If treatment with pulsed RF fields
leads to a reduction in oedema then tissue tension would be lower and there would
be a reduced likelihood of the wounds breaking down.

Method

A prospective study was started in 1974 . It ran for seven years and involved 90
patients. The surgical procedure was performed by the same surgeons throughout
the duration of the study. This study was not double-blind, a retrospective study of
the previous 470 cases performed in the unit confirmed a wound breakdown rate of
7%. The pulsed RF devices were placed over the wound dressings post-operatively
and treatment lasted for 16 h a day until four weeks after surgery .

Written assessments of all the wounds were completed daily and photographic
confirmation of the post-operative course of some wounds was collected by ward
staff. Neurological status was assessed by physiotherapists before and after surgery
and at regular intervals thereafter .

Device Specifications

Specifications for the device used in this study are not available .

Results

In the first 90 patients entered into the study, the incidence of wound breakdown
was significantly reduced from 7% to 0% (X 2 = 6.67, p = 0.01) .

Conclusions

Wound breakdown following meningomyelocele closure with its attendant risk of
scending meningitis was eliminated. There were no obvious alterations in surgical
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technique or in post-operative care that might have accounted for the reduction in
wound breakdown .

These results suggest a considerable benefit to be derived from treatment with
pulsed RF energy and clearly warrant further investigations under double-blind
conditions .

BLEPHAROPLASTY STUDY

Introduction

The surgical procedure of blepharoplasty may be performed under general or
local anaesthesia and involves removal of excess skin and fat from the upper and/or
lower eyelids. The low tension in the skin of the peri-orbital region means that
post-operative oedema and bruising are inevitable . It is an ideal clinical model for
double-blind evaluation of pulsed RF treatment because it provides asymptomatic
patients who each undergo a bilateral procedure performed by a single surgeon ; the
patient acts as his or her own control .

A double-blind pilot study has been reported previously [35] . In the pilot study
no attempt was made to obtain any numerical estimates of oedema and bruising on
which to perform statistical analysis . The purpose of the present study was to
replicate the clinical effect observed in the pilot study and to quantify that effect
using a larger sample of patients .

Method

The subjects of this clinical study were the patients of a plastic surgeon (Mr . F.V .
Nicolle) practising in London, England . All patients attending for bilateral
blepharoplasty who gave their informed consent. to participation were entered into
the study; there were no specific exclusion criteria . Patients receiving surgery to the
upper lids and/or the lower lids were included .

Patients were randomly assigned a pair of special lensless spectacles to provide
treatment to the lids of one eye but not the other . Active and placebo antennae were
fitted into the light weight spectacle frames and electrical components were housed
in one leg of the frames. The placebo antenna was electrically shielded to prevent
re-radiation from the active antenna which emitted pulsed RF energy of the

Patients therefore acted as their own control and they were not aware which eye
received treatment . Treatment commenced immediately following surgery and the
patients were instructed to wear the spectacles for 16 h per day for the following

following specifications :
Nominal power output 73 µW
Carrier frequency 26 MHz
Pulse width 73 µs
Pulse repetition frequency 900 Hz
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three days . Apart from this no modifications were made to the normal post-oper-
ative care of the patients . Patients were asked to keep a log, on a small card
provided, of the hours for which they wore the spectacles .

At each post-operative visit, that is at one day (a few cases only) and at three,
four of five days after surgery, the nurse took a clinical photograph which was
developed into a colour slide . The clinical logistics of the study precluded the taking
of absolutely standard photographs . Therefore, in order to be able to make a
correction to the measurements for the absolute size of each photograph, it was
decided to place a centimetre scale reference sticker on the forehead of each patient
prior to the clinical photograph being taken . Unfortunately this decision was not
taken until after the first twelve patients had been entered into the study .

Measurements

The slides were used to obtain measurements of bruising and the amount each
eye was open and they were also clinically assessed by a panel of three judges (one
surgeon, one nurse and one lay person) .

The bruising beneath each eye was recorded by projecting the slide onto a piece
of acetate film and then drawing a planimetric trace of the bruised regions below
the median palpebral tissue on each side . Only the areas of clearly defined red or
purple bruising were included, not the rather diffuse areas of yellow. A System III
Image Analysis Machine (AMS Limited) was then used to measure the area (in
square centimetres) of the planimetric trace beneath each eye .

The slides were then projected onto a white piece of paper on which two thin
black "+" signs had been drawn. The height of the palpebral fissure of each eye (at
the point of bisection of the pupil) and the size of the centimetre scale reference
sticker (when present) were marked off on the "+" signs with a thin pencil. The
paper was then laid flat to enable the amount each eye was open and the length of
the scale reference sticker to be measured with a ruler .

To obtain ratings of the extent of oedema, bruising and scleral haemorrhage, the
three assessors examined the projected slides and recorded a rating of each clinical
sign on a specially prepared form . The eyes were rated on the following scale for
each sign :

2R The patient's RIGHT eye shows significantly less	than the
patient's LEFT eye.

1R The patient's RIGHT eye shows less	than the patient's LEFT
eye but this is of little clinical significance .

0 There is no discernable difference between the patient's LEFT and RIGHT
eyes with respect to	

21, The patient's LEFT eye shows significantly less	than the pa-
tient's RIGHT eye .

1L The patient's LEFT eye shows less	than the patient's RIGHT
eye but this is of little clinical significance .

All of the Day 3 (4 or 5) photographs were assessed before any of the Day 1
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photographs and the three assessors were blind as to the side of treatment of each
patient.

Analyses

Bruising and eye-opening data were analysed using related samples t tests and
contingency tables were drawn up of the clinical assessment data and submitted to
X2 tests of association.

Patients who failed to return the log of the times the spectacles had been wom or
who wore the spectacles for fewer than 8 h per day for at least two days were
excluded from the analysis .

Because not all of the pictures were taken with the patients wearing a scale
reference sticker it was not possible to provide a correction factor to the measure-
ment data in every case . Two analyses were therefore performed . To include all
patients, the data was transformed to the percentage of total bruising or eye opening
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Fig. 2 . Percentage of total bruising which was on the active side (Day 3, 4 or 5 post-operatively) . Graph
shows individual score for each patient and the group mean (± 95% confidence intervals) .
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which was on the active side. The second analysis, which used the measured size of
the scale reference sticker to convert the bruising data to actual areas, is considered
to give a more meaningful picture even though it included fewer patients .

Results

There were a total of sixty patients available for analysis in the present study .
Two of these patients failed to return the log of the times when the spectacles were
worn, two had worn the spectacles for fewer than the required 2 days and fourteen
had worn the spectacles for fewer than the required 8 h per day. There were thus
forty-two patients entered into the analyses, of whom nine patients had slides from
Day 1 Post-operation and of these two had slides from Day 1 only .

Figure 2 shows the area of bruising on the actively treated side as a percentage of
the total bruising of both sides . It can be seen that for the patients as a whole the
percentage of the total bruising which was on the ative side was significantly less

Fig. 3 . Actual areas of bruising on the actively treated side and the placebo side (Day 3, 4 or 5
post-operatively) . Graph shows the scores for each patient and the group means (±95% confidence
intervals) .
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than 50%, which is the outcome which would be expected to occur by chance
(I = 2.56, p = 0.015). This is equivalent to a mean reduction in bruising on the
active side of 20 .7% (95% confidence interval, 5.2% to 33.8%) .

For the 28 patients who had worn the scale reference sticker it was possible to
convert the bruised area measurements to actual areas . Figure 3 shows these results .
It can be seen that the mean area of bruising on the placebo side was 2 .88 cm2 and
for the active side it was 2.38 cm2 . This difference was again statistically significant
(t = 2 .47, p = 0.02) and indicates that there was 17.4% less bruising on the actively
treated side (95% confidence interval, 3 .7% to 31%).

Figures 4 and 5 show, for the Day 1 and Day 3, 4 or 5 photographs respectively,
the height of the palpebral fissure of the actively treated side as a percentage of the
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Fig. 4. Height of the palpebral fissure on the active side as a percentage of the combined height of the
fissure of both eyes (Day 1 post-operatively). Graph shows individual score for each patient and the
group mean (±95% confidence intervals) .
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Fig . 5. Height of the palpebral fissure on the active side as a percentage of the combined height of the
fissure of both eyes (Day 3, 4 or 5 post-operatively) . Graph shows individual score for each patient and
the group mean (± 95% confidence intervals) .

combined heights of the palpebral fissures of both sides . In neither case is this value
significantly different from 50% (Day 1 : t = 0 .52, NS; Day 3, 4 or5 : t = 0.62, NS) .

Although the clinical sign of oedema is more striking on the first day following
surgery, too few patients with Day 1 photographs were available to permit a
meaningful analysis of the clinical assessments of them . Even for the Day 3, 4 or 5
photographs there were not sufficient patients to perform a reliable analysis of the
full five assessment levels. However, by combining the two levels of assessment on
each side (2R and 1R, and 2L and 1L) and excluding the small number of cases
assessed as showing no difference, the cell entries are large enough to permit
meaningful conclusions (see Table 2). It can be seen that there is a strong
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TABLE 2

Clinical assessment of oedema by surgeon assessor (Table combining assessment levels)

association between the clinical assessments made and the side of activity of the
spectacles that the patient was wearing (Pearson X 2 = 6.4, p = 0 .01).

Table 3 similarly shows the same surgeon's assessments of the patients' bruising .
Again the association between assessments made and side of activity of the
spectacles worn is statistically significant (Pearson X 2 = 5.9, p = 0.015).

Only six patients show any scleral haemorrhage and there is no evidence of its
presence being associated with the side of activity of the spectacles being worn
(Pearson X2= 1 .3, NS) .

The results of the other two assessors were in broad agreement with the findings
of the surgeon, though, with more assessments being recorded as no discernable
difference, the same levels of significance were not attained .

Discussion

The results of the present study provide objective evidence for and statistical
underpinning of the clinical impressions reported in the pilot study. After ap-
proximately three days of post-operative treatment with low levels of pulsed RF
energy there is a clear reduction in the area of bruising and in the observable signs
of oedema around the treated eye in comparison with the untreated eye.

TABLE 3

Clinical assessment of bruising by surgeon assessor (Table combining assessment levels)

Less bruising
on left

Less bruising
on right

Total

Left side active
Right side active
Total

12
6

18

4
12
16

16
18
34

Statistic Value D.F. Probability

Pearson X 2 5.9 1 0 .015

Less oedema
on left

Less oedema
on right

Total

Left side active

Right side active
Total

12

5
17

5

13
18

17

18
35

Statistic Value D.F. Probability

Pearson X 2 6.4 1 0.01
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GENERAL DISCUSSION

Four studies have been described which provide support, from both laboratory
and clinical research environments, for the contention that pulsed RF fields may be
of value in the treatment of soft tissue-injuries. Furthermore, the hypothesis that
such effects may be mediated through a reduction in oedema has been upheld . As
argued in the introduction, the influence of oedema, which occurs during the
inflammatory reaction phase of wound healing, may extend beyond this phase and
result in lower wound tensile strength and delay the onset of collagen synthesis [34] .
The laboratory study of rat abdominal wound repair has indeed demonstrated that
tensile strength is more developed in the groups treated with pulsed RF energy .
Further evidence that the physiological events of the reparative phase of wound
healing occur earlier following treatment with pulsed RF fields was found in the
human skin wound experiments; the first experiment showed an improved end
result and in the second experiment histological evidence of repair appeared earlier
in the treated wounds . That these effects were not confined to the laboratory setting
was demonstrated in the meningomyelocele study in which wound breakdown
following surgery was eliminated . This might have been due to improved tensile
strength of the wound or to a reduction in oedema creating a lower bursting
pressure (or both), although it must be stressed that this was not a randomized
control trial. Finally, in the blepharoplasty study direct evidence has been obtained
that pulsed RF treatment reduces both bruising and oedema. Oedema is produced
by changes in microvascular permeability, by the breakdown of extravasated pro-
teins (which increases tissue osmotic pressure), by increased capillary blood pressure
and by increased fluidity of the tissue ground substance (preventing the rise in tissue
tension which opposes further release of exudate) [25] . One possible mechanism of
action of the pulsed RF fields might be to prevent the disaggregation of the
mucopolysaccharides of ground substance which causes its increased fluidity and is
one of the earliest features of the inflammatory response. In this way the fluid
exudate and free red blood cells from the damaged capillaries would be less able to
spread from the initial site of injury . It is interesting in this context to note that
attempts to model the effects of electric fields on connective tissue [36] have
concentrated on the polysaccharides (GAGs) which are the main charge-bearing
constituents .

CONCLUSIONS

The body of research into the effects of treatment of wounds with pulsed RF
fields has demonstrated :

(i) Earlier appearance of tensile strength.
(ii) Evidence of earlier onset of reparative processes in secondary wound healing .
(iii) Reduced bruising and oedema is primary wound healing .
It may therefore be concluded that treatment with pulsed RF or similarly

configured devices can accelerate some processes of primary and secondary wound

54 7
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healing. It is not proven that these effects are mediated through a reduction of
interstitial oedema; there may be a number of separate mechanisms involved .
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ORIGINAL ARTICLE

The use of a portable,
wearable form of pulsed
radio frequency
electromagnetic energy
device for the healing of
recalcitrant ulcers: a case
report
Ian M Rawe, Tracey C Vlahovic

Rawe IM, Vlahovic TC. The use of a portable, wearable form of pulsed radio frequency electromagnetic energy
device for the healing of recalcitrant ulcers: a case report. Int Wound J 2012; 9:253–258

ABSTRACT
Pulsed radio frequency energy (PRFE) has successfully been used to treat diabetic and venous stasis ulcers. In this
case report, a lightweight wearable form of a PFRE device was evaluated and used to treat three diabetic foot
ulcers and one venous stasis ulcer. The ulcers were present on the four patients for more than 3 months and
had failed to heal after conventional treatment. A lightweight battery-powered, wearable form of PRFE device
was introduced as a treatment and used 6–8 hours per day for a period of 6 weeks. All patients after 1 week
of therapy showed improvement and wound size was seen to decrease. Patient 1 had a venous stasis ulcer, and
reported significant pain relief after 2 weeks treatment. Patients 2 and 3 achieved complete healing after 3 weeks
treatment, and patients 1 and 4 had a 95% and 88% reduction in wound size, respectively, after the 6-week study
period. Both these patients continued to complete healing using the PRFE device after the 6-week study period.
PRFE treatment delivered in the form of a wearable lightweight patch appears to offer promise in the treatment of
recalcitrant chronic wounds.
Key words: Chronic • Device • Healing • PRFE • Wounds

INTRODUCTION
Diabetic foot ulcers are the most common
chronic wounds in western industrialised
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countries. Of the millions who have diabetes
mellitus, 15% will suffer of foot ulceration
which often leads to amputation (100, 000 per
annum in the US alone). The economic burden
of treating diabetes as its associated complica-
tions is extreme (1) and will likely increase as
the rate of diabetes continues to rise. Statistics
from the American Diabetes Association show
the prevalence of diabetes at 25·8 million chil-
dren and adults, or 8·3% of the US population.
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Venous stasis ulcers are a major cause of
chronic wounds, and are typically associated
with significant pain. Venous stasis ulcers are
common in patients who have a history of leg
swelling, varicose veins, or a history of blood
clots in either the superficial or the deep veins
of the legs. Venous ulcers is the most common
aetiology of lower extremity ulceration, affect-
ing approximately 1% of the US population (2).

Key Points

• electrotherapy in the form of
pulsed radio frequency elec-
tromagnetic (PRFE) energy has
recently received a new focus,
with a number of case reports
showing promising results in the
healing of chronic wounds

• however, there are still major
limitations to PRFE devices, as
treatment regimens require 2 ×
30 minute treatments per day,
making it impractical for most
ambulatory patients, restricting
its use to severe chronic wounds

• in this case report, we show
the application of a wearable
battery-powered form of PRFE
device for the treatment of
recalcitrant wounds

• the lower energy levels emitted
by this form of PRFE device are
compensated by extended use
times

• the PRFE device used in this case
study was ActiPatchTM (BioElec-
tronics Corporation, Frederick,
MD) which delivers PRFE at a
carrier frequency of 27·12 MHz
and a pulse rate of 1000 Hz

• at the Temple University Foot
and Ankle Institute, four
adult African-American diabetic
males between the ages of 40
and 75 with ulcers present for
longer than 3 months were
admitted into the pilot study

The healing of diabetic foot ulcers, is neces-
sary for the prevention of amputation and a
number of advanced technologies have been
introduced to achieve higher success in ampu-
tation prevention and limb preservation (3).
Electrotherapy in the form of pulsed radio
frequency electromagnetic (PRFE) energy has
recently received a new focus, with a number
of case reports showing promising results in
the healing of chronic wounds (4–8). A retro-
spective study on the Regenesis Wound Heal-
ing Registry (Regenesis Biomedical, Scotts-
dale, AZ) has indicated that PRFE therapy
holds promise to be an effective treatment
for chronic wounds (9). Regensis Biomedical’s
Provant System is a suitcase-sized device that
emits non-ionising, radio frequency energy at
27·12 MHz. There is a growing list of clinical
studies that have shown the safety and effi-
cacy of PRFE as a therapy, as has been recently
reviewed by Guo et al. (10). However, there
are still major limitations to PRFE devices,
as treatment regimens require 2 × 30 minute
treatments per day, making it impractical for
most ambulatory patients, restricting its use to
severe chronic wounds.

In this case report, we show the application
of a wearable battery-powered form of PRFE
device for the treatment of recalcitrant wounds.
The lower energy levels emitted by this form
of PRFE device are compensated by extended
use times. The PRFE device used in this case
study was ActiPatch™ (BioElectronics Corpo-
ration, Frederick, MD) which delivers PRFE at
a carrier frequency of 27·12 MHz and a pulse
rate of 1000 Hz.

MATERIALS AND METHODS
At the Temple University Foot and Ankle
Institute, four adult African-American diabetic
males between the ages of 40 and 75 with
ulcers present for longer than 3 months were
admitted into the pilot study. Three patients
had diabetic neuropathic ulcers and one had

a venous stasis ulcer. All the diabetic ulcer
patients had at least one palpable pedal pulse
and an ulcer of Wagner Grade II or higher.

All ulcers had previously been treated with a
variety of methods, without appreciable heal-
ing, and are described for each patient. Patient
1 was 72 years old with type II diabetes that had
a venous stasis ulcer that had undergone multi-
layer compression therapy for 4 weeks without
any appreciable healing. Significant pain was
experienced by this patient who was assessed
by a 0–10 point visual analogue scale (VAS).
Patient 2 was 42 years old with type II diabetes
and an actively working truck driver. Previ-
ous failed treatment included wound debride-
ment, use of Promogran matrix and dry sterile
dressing. Once the PRFE device was added
to the regimen, Promogran was discontinued.
Patient 3 was a 62-year-old patient with insulin-
controlled diabetes that had not responded to
debridement and application of triple antibi-
otic ointment with offloading. Once the PRFE
device was added, triple antibiotic was discon-
tinued. Patient 4 was a 74-year-old patient with
insulin-controlled diabetes presented with a
right heel decubitus ulcer that resulted fol-
lowing hospitalisation for prostate surgery. He
had already had a below knee amputation
on the left side. The right heel wound was
granular and non-infected. Offloading with a
protective boot and wound care consisting of
debridement, Promogran matrix and dry sterile
dressings were done prior to the PRFE device
use. Once the PRFE device was used, weekly
debridement and offloading was maintained.
After informed consent, patients adopted a pro-
tocol that used the PRFE device for 6–8 hours
per day. The patients with diabetic ulcers had
their wounds covered with moist saline gauze,
ActiPatch™, and a dry sterile dressing. When
the ActiPatch™ PRFE device was not in use, the
ulcer was covered with moist saline gauze and
dry sterile dressing. Compression therapy was
continued with patient 1 along with the PRFE
device for 6–8 hours per day. Patients kept a
journal of their PFRE device use and brought
the log in during their weekly visits. Weekly
visits consisted of sharp debridement and sur-
gical scrub, for the diabetic ulcer patients,
followed by measurement and photographic
documentation. Wounds were evaluated for
any signs of infection and new changes such as
increased depth or drainage. The PFRE device
was also evaluated for proper functioning at
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each visit. Patients were educated on their daily
wound dressing changes. The wounds were
evaluated once weekly for a total of 6 weeks.

RESULTS
The patients tolerated the PRFE therapy well
and reported no negative side effects. The
diabetic ulcers still needed to be sharply
debrided on a weekly basis, but patients were
pleased with the therapy and its ease of use
at home. Table 1 contains the patient age,
wound location and wound measurements in
centimeters at the start of the treatment (week
0) and for the following 6 weeks of treatment on
a weekly basis. Starting at week 1, all patients
were seen to have a decrease in wound size.
The ulcers had a steady decrease in side to
side closure and in visible periwound oedema.
Patients 2 and 3 had complete healing of their
diabetic ulcers after 3 weeks of treatment.

Patient 1 had a venous stasis ulcer, as shown
in Figure 1, which caused the patient significant
pain. After 2 weeks of PRFE therapy the patient
reported significant pain relief. The ulcer of
patient 1 decreased in size from 4 × 2·5 cm to
0·7 × 0·5 cm at the end of the 6-week study
period, a decrease of approximately 95% of the
wound area. The venous stasis ulcer continued
to complete healing after the study period with
continued use of the PRFE therapy device.

The right foot ulcer of patient 2 is shown
in Figure 2 and the left heel ulcer of patient 3
is shown in Figure 3. Both ulcers of patients 2
and 3 improved rapidly with PRFE treatment,
recovering up to 50% of the wound area after 1
week of PRFE treatment. The ulcers progressed
to complete healing after 3 weeks of PRFE
treatment.

The diabetic ulcer of patient 4 had a
wound size at the beginning of treatment of
2·5 × 1·75 cm, by week 4 this had decreased
to 1 × 1 cm, approximately a 73% reduction in
size and by week 6 the wound area decreased to

1 × 0·5 cm, a reduction of 88% in size. Wound
area reduction at weeks 1 and 4 is a strong indi-
cator of complete healing (11). Patient 4 had
significant reduction in wound size at week 6
and continued on to healing after the study
period, using the PRFE treatment.

Key Points

• the mechanism by which PRFE
promotes the healing of chronic
wounds is not fully understood

• PRFE therapy given to animal
wound models of diabetes have
reported to an upregulation of
FGF-2, increased wound healing
and wound tensile strength
compared to sham control
animals

• the device used in this study
weighed 505 g and was used 3
hours per day

DISCUSSION
The mechanism by which PRFE promotes the
healing of chronic wounds is not fully under-
stood. But studies on cells and animals have
given insight into the effects of PRFE ther-
apy. Upregulation of gene families involved
in tissue repair in co-cultures of human der-
mal fibroblasts and epidermal keratinocytes
treated with PRFE has been shown (12).
These included metalloproteinase and tis-
sue inhibitor of metalloproteinase, interleukin-
related genes, interferon-related genes and
tumour necrosis factor-related genes. Cell
studies have demonstrated a upregulation of
fibroblast growth factor-2 (FGF-2) after PRFE
exposure, an important molecule in wound
healing for promoting endothelial cell prolifer-
ation, angiogenesis and granulation tissue for-
mation. PRFE therapy given to animal wound
models of diabetes have reported to an upreg-
ulation of FGF-2 (13), increased wound healing
and wound tensile strength compared to sham
control animals (14,15).

A portable wearable PRFE device was first
used in 1982 for the treatment of postoper-
ative wounds following blepharoplasty (16).
A study by Stiller et al., using a wearable
form of PFRE device evaluated its clinical
efficacy and safety in a placebo-controlled mul-
ticenter trial. Significant decreases in wound
depth and pain intensity favouring the active
group were seen, wounds after 8 weeks of
treatment in the active group had a 47·7%
decrease in wound surface area versus a
42·3% increase for placebo (17). The device
used in this study weighed 505 g and was

Table 1 The patient age, ulcer location and ulcer size data (in centimeters) of each patient at week 0 (start of treatment) and for
each week of the 6-week study period

Patient Age Location Week 0 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

1 66 Right leg 4 × 2·5 4 × 2·3 4 × 2 3 × 1·5 2 × 1·5 1 × 0·7 0·7 × 0·5
2 60 Right foot 0·5 × 0·5 0·3 × 0·3 0·2 × 0·1 ulcer healed
3 43 Left heel 4 × 1 2 × 0·5 1 × 0·3 ulcer healed
4 74 Right heel 2·5 × 1·75 2 × 2 2 × 1·5 1·7 × 0·7 1 × 1 1 × 0·5 1 × 0·5
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WEEK 0 WEEK 2

WEEK 4 WEEK 6

Figure 1. The venous stasis ulcer of patient 1 is shown at weeks 0, 2, 4 and 6 of PRFE treatment. Significant pain relief was
reported by the patient after 2 weeks treatment. The ulcer had decreased in size from 4·0 × 2·5 cm to 0·7 × 0·5 cm after 6 weeks
PRFE treatment. The ulcer continued onto healing using the PRFE therapy.

WEEK 0 WEEK 1 WEEK 3

Figure 2. Patient 2 had a 0·5 × 0·5 cm diabetic ulcer at the beginning of PRFE treatment, which healed after 3 weeks PRFE
therapy. The ulcer at weeks 0, 1 and 3 is shown.

used 3 hours per day. More recently clinical
trials on the postoperative recovery after breast
augmentation surgery (18) and breast reduc-
tion surgery (19) have clearly demonstrated
the control of postoperative pain with newer
versions of wearable, portable PRFE devices.

Key Points

• in this pilot study, a light
weight wearable form of PRFE,
ActiPatchTM, was used to facili-
tate the wound healing process
in both diabetic and venous
stasis lower extremity ulcers

• the PRFE device used in this
case study was in the form
a patch and was easy to use
from both the physician’s and
patient’s standpoint

• since the completion of this
study, ActiPatchTM has been
refined and updated, and now
consists of a small control mod-
ule and a 12 cm or 8 cm antenna
and weighs approximately 8 g

• the reconfigured device is now
used as a 24-hour continuous
PRFE therapy with the same
carrier frequency of 27·12 MHz
and 1000 Hz pulse rate

In this pilot study presented here, a light
weight wearable form of PRFE, ActiPatch™,
was used to facilitate the wound healing pro-
cess in both diabetic and venous stasis lower

extremity ulcers. The PRFE device used in this
case study was in the form a patch and was easy
to use from both the physician’s and patient’s
standpoint. Since the completion of this study,
ActiPatch™ has been refined and updated, and
now consists of a small control module and
a 12 cm or 8 cm antenna and weighs approx-
imately 8 g. The reconfigured device is now
used as a 24-hour continuous PRFE therapy
with the same carrier frequency of 27·12 MHz

© 2011 The Authors
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WEEK 0 WEEK 1

WEEK 2 WEEK 3

Figure 3. Patient 3 had a 4·0 × 1 cm diabetic ulcer on the left heel. After 3 weeks of PRFE treatment the ulcer had completely
healed. The ulcer is shown at weeks 0, 1, 2 and 3.

Figure 4. The latest version of the PRFE device is shown,
consisting of a small control module and a wire antenna, either
12 cm or 8 cm. The PRFE device is used 24 hours per day, is
lightweight weighing approximately 8 g and provides treatment
continuously for 7 days.

and 1000 Hz pulse rate. Figure 4 shows the
latest version of the PRFE device and Figure 5
shows the application of the PRFE device on
a patient with a venous stasis ulcer; prior to
PRFE therapy this patient was considered for

Figure 5. A version of the PRFE device is shown in use on a
patient with a venous stasis ulcer.

amputation, however, the ulcer healed within
8 weeks and the patient avoided amputation
(unpublished data).

Key Points

• the results from this pilot
study suggest that lightweight
wearable PRFE devices maybe
an effective adjunct therapy for
recalcitrant wounds promoting
healing and reducing pain

The results from this pilot study suggest
that lightweight wearable PRFE devices maybe
an effective adjunct therapy for recalcitrant
wounds promoting healing and reducing pain.
The ease of use, low cost and compatibility with
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current conventional therapy also suggest this
form of wearable PRFE device could be widely
applied as a first choice therapy, although
further studies are required to determine their
true value.

Key Points

• the ease of use, low cost
and compatibility with current
conventional therapy also
suggest this form of wearable
PRFE device could be widely
applied as a first choice therapy,
although further studies are
required to determine their true
value
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Introduction 
 

Bioelectronics Corporation makes an innovative medical device, designed to replace 
larger clinic based devices that treat chronic wounds, pain and edema with pulsed 
radiofrequency electromagnetic field energy. All therapeutic pulsed radiofrequency 
electromagnetic field devices emit a safe form of non-ionizing electromagnetic radiation.  
BioElectronics medical devices, as do many larger clinic based devices, use a 
frequency of 27.12 MHz, an assigned FCC medical frequency. The unique device 
design by BioElectronics has refined the technology into an 8gram wearable miniature 
form. Delivering the radiofrequency electromagnetic field at a pulse rate of 1000 pulses 
per second and 100 microsecond burst width.  Peak burst output power of the 12 cm 
antenna is approximately 0.0098 watts covering a surface area of approximate 100 cm2. 
The circuitry consists of low voltage (3 V) digital/analog electronics that control all timing 
functions to produce the therapeutic RF field, where the antenna field is placed directly 
above the therapeutic site.   
 

Bioelectronics Medical Devices enable: 

 Continuous 24 hr. therapy 
 Focused directly onto the wound 
 Convenient – home-based 
 Small, light and portable 
 Easy to use 
 Improved patient compliance 
 Dramatically lower cost of therapy 
 Safe and Drug-Free 

 

 

Meta-analysis of published clinical studies determined that PEMF 

therapy was statistically significant for wound healing outcomes, as 

well as pain and edema(1). 

 

Pulsed Radio frequency Electromagnetic field as a Chronic wound therapy 

 

The use of pulsed radiofrequency electromagnetic field (PEMF), also termed (PRFE) 
therapy has shown notable success in healing of chronic wounds. PEMF is a non-

Figure 1. A traditional Diapulse 

delivering 30min x 2 daily required 

treatments, 

And the BioElectronics RecoveryRX 

PEMF device incorporated into the 

wound dressing giving continuous 

24hr home based therapy 
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ionizing energy at the shortwave radiofrequency band of the electromagnetic spectrum, 
commonly at a frequency of 27.12MHz. Since the introduction of PEMF in the 1950s, 
clinical studies on healing of chronic wounds(2-7) and surgical recovery(8, 9), as well 
orthopedic studies(10-13) have documented PEMF as a successful clinical therapy. A 
series of case reports (14-18) and a retrospective study on a wound registry(19) have 
re-introduced PEMF therapy as an adjunct wound healing therapy, as newer more 
portable PEMF devices have been introduced.   

 

Known Downstream Biological Effects of PEMF 

 

While the exact mechanism by which PEMF interacts with cells to initiate the 
therapeutic effects is not fully understood, cell studies have given valuable insight into 
the downstream biological effects of PEMF therapy. Human fibroblasts exposed to 
PEMF signal show p42/44 MAP kinase activation(20), and increased cell proliferation. 
The MAP kinase family of intracellular signaling proteins is activated by a range of 
stimuli and the activated MAP kinase translocate to the nucleus and transactivate 
transcription factors, changing gene expression to promote growth, differentiation or 
proliferation.  Co-cultures of human epidermal keratinocytes and human dermal 
fibroblasts which were studied by gene array demonstrated an up-regulation of gene 
families associated with all phases of the wound healing cycle(21, 22). These included 
many genes involved in the inflammatory stage of wound repair and expression of 
genes involved in angiogenesis and tissue remodeling. Cell studies on human vascular 
endothelial cells confirm angiogenesis effects of PEMF fields(23), as well as up-
regulation of FGF-2(24), a growth factor that promotes angiogenesis. Nitric oxide is up-
regulated by PEMF, nitric oxide is a vasodilator and also promotes angiogenesis(25). 

In a mouse models of diabetes, wound healing rates were increased when exposed to 
PEMF, compared to animals that were sham PEMF treated(26). And notably increased 
proliferation of dermal fibroblasts was determined, measured by the cell proliferation 
marker Ki67, a protein that accumulates in the cell nucleus of cells progressing through 
the cell cycle.  

PEMF Delivery  

 PEMF therapy is none invasive and is delivered through the wound dressing, 
and to date has shown no unwanted side effects.  With positive reports in the literature 
documenting PEMF as an effective therapy, its wider adoption as an adjunct therapy 
seems warranted.   However, limitations exist, that have restricted its adoption as a 
widely employed wound healing therapy. Current treatment regimens require 2 x 30 
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minute treatments per day and are delivered by clinic based, mains powered devices 
(figure1).   

Considering that wounds, even in the healing phase can persist for weeks, this 
therapy appears to be impractical for most patients.  The potential answer to this 
inherent limitation is portable lightweight wearable PEMF technology, which ideally 
could become be an integral part of the wound dressing as shown in Figure 1.  Stiller et 
al 1992 (27), published a randomized control trial, in  which a portable, wearable device 
to deliver the PEMF therapy was used. The portable device allowed for a home based 
treatment; in this case it was used for predominantly venous leg ulcers. The PEMF 
delivery device that was used, weighed 508g with treatment protocol consisting of 3 hrs 
per day. Significant decreases in wound area, wound depth, healthy granulation tissue 
and decreased pain intensity favoring the active group were seen. This study suggests 
that wearable, portable forms of PEMF could be an effective adjunct wounding healing 
therapy. Nicole and Bentall 1982 (28)were the first to publish a study using wearable 
battery powered extended use time PEMF device in which oedema and bruising were 
reportedly decreased following blepharoplasty. Bental, also published a paper 
documenting that extended use time wearable PEMF, reduced the healing time of 
experimental human skin wounds(29). Healing was shown to be 52 days in the 
untreated group compared to 39 days in the PEMF treated group. Histological analysis 
also showed advanced wound architecture, including near normal epidermal thickness 
in the treated wounds compared to a thin epidermis in the untreated wounds. More 
recent studies, using up to date technology have demonstrated the effectiveness of 
small wearable extended use time PEMF devices. A significant reduction in 
postoperative pain in randomized, double blind placebo controlled studies has been 
reported (30-32). Plantar fasciitis, a recalcitrant heel pain has also been shown to be 
treated with portable, wearable extended use PEMF therapy(33).   Given that 
postoperative pain is significantly controlled by wearable PEMF it seems probable that 
chronic wounds can also be treated with these devices. Below is a series of case 
studies that have utilized RecoveryRx®  to induce wound healing in chronic wounds of 
various etiologies. 

Bioelectronics RecoveryRx®  - Case 
Studies 
Case Study 1  

A left leg ulcer with exposed vascular prosthetic vein. Treatment consisted of 
debridement and 2 weeks of negative pressure wound therapy. After which the PEMF 
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device RecoveryRx®  was introduced with Polymem dressing. The leg ulcer reduced in 
size and was 50% reduced by 3 weeks of pulsed radiofrequency and Polymem dressing 
treatment. Wound went onto complete closure. 

 

 

 

 

 

 

 

 

 

Case Study 2 

Patient 2 had ischemic right foot with quick evolution to necrotic toe. An urgent 
amputation was performed. The patient needed surgical debridement of necrotic wound 
edges after which negative pressure vacuum therapy was started and continued for 1 
month. Split skin graft was used but an open wound was still left. RecoveryRx®  PEMF 
therapy in combination with antiseptic Polymem silver was introduced. The split skin 
graft was successful and the remaining open wound healed with the combination of 
RecoveryRx®  and Polymem silver dressing.  

A shows the split skin graft, and B Polymem dressing with Recovery RX and C 17 days 
after treatment. 
A.                       B.          C. 
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Case Study 3 

A 72yr with type II diabetes that had a venous stasis ulcer that had undergone 
multilayer compression therapy for 4 weeks without any appreciable healing. Significant 
pain was experienced by this patient. The venous stasis ulcer of patient 1 is shown at 
week 0 , week 2, week, 4 and week 6 of RecoveryRx®  PEMF treatment. Significant 
pain relief was reported by the patient after 2 weeks treatment. The ulcer had 
decreased in size from 4.0 x 2.5 cm to 0.7 x 0.5 cm after 6 weeks RecoveryRx® ® 
treatment. The ulcer continued onto complete healing using the therapy.  

 

Case Study 4 

A 62 year old patient with insulin controlled diabetes with a heal ulcer that had not 
responded to debridement and application of triple antibiotic ointment with offloading.  
Once the RecoveryRx®  device was added, triple antibiotic was discontinued.  The ulcer 
improved rapidly with RecoveryRx®  treatment, recovering 50% of the wound area after 
1 week of RecoveryRx®  PEMF treatment.  The ulcer progressed to complete healing at 
3 weeks. The ulcer is shown at week 0, week 1, week 2 and week 3. 
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Case Study 5 

A 42 yrs old with type II diabetes and an actively working truck driver with a .5 x 0.5 cm 
diabetic ulcer. Previous failed treatment included wound debridement, use of 
Promogran matrix, and dry sterile dressing.  Once the RecoveryRx®  device was added 
to the regimen, Promogran was discontinued. The diabetic ulcer healed after 3 weeks 
RecoveryRx®  PEMF therapy. The ulcer at week 0, week 1 and week 3 is shown.  

 

 

 

 

 

Case Study 6 

Pyoderma gangrenosum: Patient had a history of ulcerations and had two lesions: one 
on the left dorsal midfoot and the other on medial heel/ankle that had been present for 2 
years.  Therapy prior to RecoveryRx® addition consisted of compression, curettage, 
hydrofera blue, and silvadene treatments.  The left dorsal midfoot wound base was 80% 
red and 20% yellow with a moderate serosanguinous exudate.  His pain was 10 out of 
10 on the Visual Analogue Scale.  Medial heel ankle wound ulcer base was 80% red 
and 20% yellow with moderate serosanguinous drainage and a pain of 9 out of 10 on 
the Visual Analogue Scale.  Vicodin was used for pain medication. 
 

 

Pain was rapidly resolved and the 2 yr old ulcers moved into the healing phase after 
addition of RecoveryRx® . The ulcers at week 0, week 2 and at week 11 are shown. 
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Case Study 7 

Pyoderma ulcer was present on the left ankle of the patient for 3 year. Before addition of 
RecoveryRx® PEMF therapy the wound measured 6.7cm length x 4.0cm width x .2 cm 
depth.  He had a moderate exudate with serous drainage.  The wound base was 90% 
red and 10% yellow. The wound care protocol consisted of silvercel antimicrobial 
dressing application and triple layer compression, pain was 5 on the VAS scale. 

 

 

 

 

 

Pain levels rapidly resolved to 0 with RecoveryRx®  treatment, and wound has reduced 
in size by 50%, with a 100% red wound bed and reduced wound drainage. 

Case Study 8 

Pyoderma ulcer was present on the dorsal and distal side of the foot. The ulcers had 
been present for 2 years and failed systemic corticosteroid and immunosuppressant 
therapy. Recovery Rx was added to his wound care regimen of Bionect on the wound 
and desoximetasone .05% applied to the periwound area.   The wound base was 50% 
red and 50% yellow with moderate serous exudate and a pain level of 4 out of 10 on the 
Visual Analogue Scale.   
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Wound Pain reduced from 4 to 0 on introduction of RecoveryRx®  and wound bed 
formed a 100% red base with reduced wound drainage. The wound is now suitable to 
receive a skin graft. 

Case Study 9 

Venous stasis ulcer received after fall in 2009, amputation was considered before 
treatment began with Recovery Rx.  The wound improved rapidly and the patient was 
removed from the amputation list. The wound healed in 12 weeks. 

 

 

 

 

 

 

 

Case Study 10 

 

105 yr old with a diabetic ulcer present for 2 yrs. Treated with RecoveryRx®  PEMF 
therapy. The ulcer began to heal after 2 weeks treatment and closed after 12 weeks of 
PRFE therapy 
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Case Study 11 

Diabetic foot ulcer with associated neuropathy pain, patient had a prior toe amputation. 
Wound progressively worsened before debridement and addition of RecoveryRx® . 
Neuropathy VAS pain reduced from a VAS 6 to 3. 

 

 

 

 

 

 

 

 

  

  RecoveryRx 
added  
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Case Study 12 

66 year old male with 15yr history of scleroderma. Leg ulceration worsening over past 5 
years. After 4 months withdrawal challenged - pain returned after discontinuing 
ActiPatch and markedly reduced again when reintroduced. Pain and decreased narcotic 
use sustained over a year 

 
 

 

 

 

 

 

 

 

 

 

 
Case Study 13 

Patient undergoing painful Nephrostomy (Kidney drainage). Addition of RecoveryRx® 
™ reduced the pain being experienced by 75% (VAS 8 – 2). After starting RecoveryRx® 
™ patient asked for continuation of the therapy. 

 

 

 

 

 

 

  

12 x Percocet daily 
(Hydrocodone/paracetamol) short acting 

 (fentanyl) narcotics.

8 x Percocet daily 
(Hydrocodone/paracetamol) short 

acting (fentanyl) narcotics 
 eliminated.

RecoveryRx
™

VAS  8 VAS  2 VAS  2 
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Case Study 14 

 

Patient with painful peripheral artery disease. 

 

 

 

 

 

  

 

 

Case Study 15 

Patient with painful ulceration with white subcutaneous calcification, RecoveryRx®  
reduced pain from VAS 8 to VAS 3.  
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Differentiation of Osteoprogenitor Cells Is Induced by
High-Frequency Pulsed Electromagnetic Fields

Chad M. Teven, BS,* Matthew Greives, MD,* Ryan B. Natale, MS,* Yuxi Su, MD,Þ
Qing Luo, MD, PhD,Þ Bai-Cheng He, MD,Þ Deana Shenaq, MD,* Tong-Chuan He, MD, PhD,Þ

and Russell R. Reid, MD, PhD*

Abstract: Craniofacial defect repair is often limited by a finite sup-
ply of available autologous tissue (ie, bone) and less than ideal al-
ternatives. Therefore, other methods to produce bony healing must
be explored. Several studies have demonstrated that low-frequency
pulsed electromagnetic field (PEMF) stimulation (ie, 5Y30 Hz) of
osteoblasts enhances bone formation. The current study was designed
to investigate whether a Food and Drug AdministrationYapproved,
high-frequency PEMFYemitting device is capable of inducing osteo-
genic differentiation of osteoprogenitor cells. Osteoprogenitor cells
(commercially available C3H10T1/2 and mouse calvarial) in com-
plete Dulbecco modified Eagle medium were continuously exposed
to PEMF stimulation delivered by the ActiPatch at a frequency of
27.1 MHz. Markers of cellular proliferation and early, intermediate,
and terminal osteogenic differentiation were measured and com-
pared with unstimulated controls. All experiments were performed
in triplicate. High-frequency PEMF stimulation increases alkaline
phosphatase activity in both cell lines. In addition, high-frequency
PEMF stimulation augments osteopontin and osteocalcin expres-
sion as well as mineral nodule formation in C3H10T1/2 cells, indi-
cating late and terminal osteogenic differentiation, respectively.
Cellular proliferation, however, was unaffected by high-frequency
PEMF stimulation.Mechanistically, high-frequency PEMF-stimulated
osteogenic differentiation is associated with elevated mRNA expres-
sion levels of osteogenic bone morphogenetic proteins in C3H10T1/
2 cells. Our findings suggest that high-frequency PEMF stimulation
of osteoprogenitor cells may be explored as an effective tissue en-

gineering strategy to treat critical-size osseous defects of the cra-
niofacial and axial skeleton.

Key Words: High-frequency pulsed electromagnetic fields;
osteogenic differentiation; osteoprogenitor cell differentiation;
pulsed electromagnetic fields

Abbreviations: ALP, alkaline phosphatase; BMP, bone
morphogenetic protein; ERK-1, extracellular signalYregulated
kinase 1; iCALs, immortalized calvarial cells; IHC,
immunohistochemical; MAP, mitogen-activated protein;
MSC, mesenchymal stem cell; OCN, osteocalcin; OPN,
osteopontin; p38>, p38-reactivating kinase; PBS,
phosphate-buffered saline; PEMF, pulsed electromagnetic field

(J Craniofac Surg 2012;23: 586Y593)

Amajor limitation in the repair of craniofacial defects lies in the
finite supply of autologous tissue (ie, bone) available. Alter-

natives, such as demineralized bone matrix,1 bone ceramics,2 tita-
nium,3,4 and porous polyethylene implants,5 are associated with an
increased risk of infection, do not expand with a growing cranio-
facial skeleton (in the case of children), and can fail over time. In
keeping with one of the core principles in tissue reconstruction, it
is desirable to replace ‘‘like with like.’’ To this end, engineering of
bone via cells capable of expansion and differentiation into bone is
a valid strategy.

Many methods have been used to engineer bony tissue. For
example, a useful and effective option is the transduction of target
cells with an osteoinductive cytokine such as bone morphogenetic
protein (BMP).6,7 However, this strategy is costly and can be con-
founded by infection risk, poor expression of the gene of interest,
and the inability to modulate the gene of interest once the desired
effect is achieved. An alternative approach, which avoids direct ge-
netic alteration of target cells, is that of biophysical stimulation.
Biophysical stimulation consisting of low-frequency pulsed electro-
magnetic fields (PEMFs) has been used clinically as adjunct treat-
ment for processes affecting the musculoskeletal system for many
years.8Y14 At the cellular level, low-frequency PEMF stimulation is
thought to modulate the expression level of endogenous osteogenic
cytokines and their receptors.15Y18 Nevertheless, the specific mo-
lecular mechanisms underlying the cellular response to PEMF stim-
ulation have remained elusive.

Two key features of studies examining the osteoinductive ef-
fect of PEMFs are cell type and stimulation frequency. To this point,
most scientists have evaluated the effect of PEMF stimulation on
terminally differentiated osteoblasts. However, in situ cell popula-
tions at areas of bone growth are heterogeneous and contain cells
at different stages of maturation. We therefore elected to investigate
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the effect of PEMFs on pluripotent cells. In addition, previous au-
thors have generally exposed cells to low-frequency PEMF stimu-
lation (ie, 5Y30 Hz). A disadvantage of this subtype of PEMF
stimulation is often the requirement for cofactors (eg, ascorbic acid,
A-glycerophosphate, calcium phosphate [disks]) to induce differen-
tiation in vitro.15,16 In contrast, the use of high-frequency PEMFs
(ie, Q1 MHz) to induce osteogenesis has not been previously de-
scribed. Therefore, we examined whether high-frequency PEMF
stimulation, like its low-frequency counterpart, has the ability to
stimulate bone formation.

In the current study, osteoprogenitor cells were stimulated
by a high-frequency PEMF-delivery device that is Food and Drug
Administration (FDA) approved to treat soft tissue discomfort and
edema in the postoperative setting.19 We show that this novel de-
livery system of high-frequency PEMFs is capable of augmenting
osteogenic differentiation in murine progenitor cells without the aid
of additional costimulants.

MATERIALS AND METHODS

Cell Culture and Chemicals
C3H10T1/2 cells were obtained from ATCC (Manassas, VA).

Cells were maintained under conditions as described previously.20Y22

Unless indicated otherwise, all chemicals were purchased fromSigma-
Aldrich (St Louis, MO) or Fisher Scientific (Pittsburgh, PA). Of note,
cells were cultured in medium that did not contain pro-osteogenic
factors (eg, dexamethasone, ascorbic acid, A-glycerophosphate).

Immortalized calvarial cells (iCALs) were also used for ex-
perimentation. Briefly, calvariae were isolated from 3-week-old male
CD-1 mice (Charles River, Wilmington, MA). Mice were housed in
standard cages in an experimental animal room (24-C, 55% humid-
ity, 1 atm, 12-hour light-dark cycle) and were fed a standard labo-
ratory diet and water ad libitum. This investigation was approved by
the Institutional Animal Care and Use Committee of the University
of Chicago (Chicago, IL), and animal maintenance and experimen-
tal treatments were conducted in accordance with the ethical guide-
lines set forth by this committee. All procedures were conducted
under sterile conditions.

Mice were killed, and calvariae were harvested by creating a
midsagittal incision. The periosteum was incised to expose the cal-
varium on both sides of the midline. Soft tissue, dura, and remain-
ing periosteum were removed. The isolated calvariae were washed
repeatedly in phosphate-buffered saline (PBS) with 1% penicillin/
streptomycin (p/s) solution, minced, and transferred to 10-mm2 wells
containing regular Dulbecco modified Eagle medium supplemented
with 10% fetal bovine serum and 1% p/s solution (Sigma-Aldrich).
Cultures were incubated at 37-C, 95% humidified air, and 5% CO2.
After approximately 7 days, cells grew to 80% confluency (percen-
tage of cells covering the plate), at which point they were passaged
by enzymatic digestion (0.1% trypsin; Sigma-Aldrich) to 25-cm2

flasks containing 8 mL of Dulbecco modified Eagle medium with
10% fetal bovine serum and 1% p/s for experimentation. These cells
display surface antigens found on mesenchymal stem cells (MSCs)
and can differentiate into various mesenchymal tissues including
bone and adipose (data not shown).

To allow for ease of culturing and preservation of cellular
growth, harvested primary calvarial cells were allowed to grow in
culture for 5 weeks and then underwent immortalization using a
retroviral-mediated vector as previously described.23 The immor-
talization process did not significantly alter the phenotype of this
cell population (data not shown). Of note, early and late osteogenic
differentiation and cellular proliferation of iCALs were examined,
whereas all phases of differentiation (early, middle, and late) and
proliferation of C3H10T1/2 cells were examined.

High-Frequency PEMF Stimulation
Pulsed electromagnetic fields were generated by the Acti-

Patch (BioElectronics, Frederick, MD). This device (Fig. 1A) has
received FDA approval to treat soft tissue swelling, ecchymosis, and
discomfort using low-energy, high-frequency PEMF technology. The
nominal carrier frequency delivered is 27.1 MHz. The pulse fre-
quency is 1000 Hz, with each pulse lasting 100 microseconds. The
device produces an energy level of 50 to 100 KV/cm up to a dis-
tance of 1 cm. A distance of 5 cm or greater from the PEMF-
emitting region of the device effectively reduces this energy level to
0 KV/cm. The device has a 720-hour battery life.

Unless otherwise indicated, stimulated cells were continuously
exposed to PEMF stimulation (Fig. 1B). Untreated, control cells were
kept at least 40 cm from the ActiPatch to ensure that they would not
inadvertently be exposed to PEMF stimulation.

Alkaline Phosphatase Assay
Alkaline phosphatase (ALP) activity was assessed by a modi-

fiedGreat EscAPe SEAP Chemiluminescence Assay (BD Clontech,
Mountain View, CA) as described previously.20,22,24Y29 Both cell
lines underwent ALP activity assays. Each assay condition was per-
formed in triplicate, and the results were repeated in at least 3 in-
dependent experiments. The activity of the well-established early
osteogenic marker ALP20,22,25Y28 was measured on days 3, 5, 7, 9,
and 12 of stimulation. Alkaline phosphatase activity was normal-
ized by total cellular protein concentrations among the samples.

RNA Isolation and Semiquantitative
Reverse TranscriptaseYPolymerase Chain
Reaction Analysis

Total RNAwas isolated using TRIZOL Reagents (Invitrogen,
Carlsbad, CA). Total RNAwas used to generate cDNA templates by
reverse transcriptase (RT) reaction with hexamer and Superscript II
RT (Invitrogen). The first-strand cDNA products were further di-
luted 5- to 20-fold and used as polymerase chain reaction (PCR)
templates. Semiquantitative RT-PCR was carried out as described
previously.6,21,22,24,29Y32 Polymerase chain reaction primers (Table 1)
were designed using the Primer 3 program (Free Software Foun-
dation, Inc, Boston, MA) to amplify the genes of interest (approx-
imately 150Y180 base pairs). A touchdown cycling program was as
follows: 94-C for 2 minutes for 1 cycle, 92-C for 20 seconds, 68-C
for 30 seconds, and 72-C for 12 cycles with a decrease in 1-C per
cycle and then at 92-C for 20 seconds, 57-C for 30 seconds, and
72-C for seconds for 15 to 20 cycles, depending on the abundance
of a given gene. The specificity of PCR products was confirmed
by resolving PCR products on 1.0% agarose gels and visualized
under a UV lamp and/or by ethidium bromide staining. All samples
were normalized by the expression level of GAPDH. Reverse
transcriptaseYPCR data were analyzed by densitometry of gel bands

FIGURE 1. High-frequency PEMF delivery system. A, The ActiPatch is FDA
approved for the treatment of soft tissue swelling, ecchymoses, and pain.
This device was used as a novel delivery system of high-frequency PEMFs to
evaluate the ability of high-frequency PEMF stimulation to induce osteogenic
differentiation. The frequency of PEMF stimulation produced by this device
is 27.1 MHz. B, Treated cells were exposed to continuous PEMF stimulation
via placement on top of the PEMF-emitting region of the device for the duration
of the experiment. Untreated, control cells were kept 40 cm or greater from
the device, thereby precluding the possibility of PEMF stimulation.
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using ImageJ software (http://rsbweb.nih.gov/ij/download.html) and
normalized to GAPDH signals obtained from the same time point.
The normalized data were expressed as relative changes in mRNA
levels between PEMF-treated and untreated cells.

Immunohistochemical Staining
Immunohistochemical (IHC) staining was performed for os-

teopontin (OPN) and osteocalcin (OCN) as previously described.6

Cultured cells were either stimulated with high-frequency PEMFs
or were left untreated. At day 10 of stimulation, cells were fixed with
10% formalin and washed with PBS. The fixed cells were perme-
abilized with 0.3% H2O2 and blocked with 10% goat serum, fol-
lowed by incubation with an OPN or OCN antibody (both from
Santa Cruz Biotechnology, Santa Cruz, CA) for 1 hour. After wash-
ing, cells were incubated with biotin-labeled secondary antibodies
for 30 minutes, followed by incubating cells with streptavidinY
horseradish peroxidase conjugate for 20 minutes at room tem-
perature. The presence of the expected protein was visualized by
3,3¶-diaminobenzidine staining and examined under a microscope.
Stains without primary antibody were used as negative controls.

Matrix Mineralization Assay
(Alizarin Red S Staining)

Cells (C3H10T1/2 and iCAL) were seeded in 24-well culture
plates and were either PEMF stimulated or untreated. At day 14 of
stimulation, mineralized matrix nodules were stained for calcium
precipitation by means of alizarin red S staining, as described pre-
viously.6 Cells were fixed with 10% formalin at room temperature
for 10 minutes. After being washed with PBS, fixed cells were in-
cubated with 0.4% alizarin red S for 5 to 20 minutes, followed by
extensive washing with PBS. The staining of calcium mineral de-
posits was recorded under bright-field microscopy.

Crystal Violet Viability Assay
Cellular proliferation was assessed by crystal violet staining.

The crystal violet assay was conducted as described previously.33,34

Cells were plated in 6-well culture plates at a subconfluent condi-
tion (È105 cells/well) and were treated with PEMF stimulation or
control conditions. When cells from either group became 100%
confluent, cells from both groups were carefully washed with PBS
and stained with 0.5% crystal violet formalin solution at room tem-
perature for 20 to 30 minutes. The stained cells were washed with
tap water and air dried before macrographic images were taken.35,36

For quantitative measurement, the stained cells were dissolved in
10% acetic acid (2 mL per well for 6-well plate) at room tempera-
ture for 20 minutes with shaking. A 500-HL portion was taken and
added to 2 mL of double-distilled H2O. Absorbance was measured
at 570 to 590 nm.37 Each assay condition was performed in tripli-
cate and/or as 3 independent experiments.

Statistical Analysis
Microsoft Excel was used to calculate SDs and statistically

significant differences between samples using the 2-tailed Student
t-test. For all quantitative assays, each assay condition was per-
formed in triplicate, and the results were repeated in at least 3 in-
dependent experiments. All data collected were subjected to
statistical analysis. P G 0.05 was defined as statistically significant.

RESULTS

High-Frequency PEMF Stimulation Augments
Early Osteogenic Marker ALP Activity

We first tested the effect of high-frequency PEMF stimula-
tion on early osteogenic differentiation of osteoprogenitor cells. On
days 3, 9, and 12 of stimulation, PEMF treatment induced a sig-
nificant increase in ALP activity, most notably on day 12 (Fig. 2A),
in C3H10T1/2 cells. Similarly, PEMF treatment induced a signif-
icant increase in ALP activity at days 3, 7, and 9 of stimulation in
iCALs (Fig. 2B). These results indicate that high-frequency PEMF
treatment enhances early osteogenic differentiation in C3H10T1/2
and iCAL osteoprogenitor cells in vitro.

High-Frequency PEMF Stimulation Induces
Up-Regulation of Osteogenic Factor mRNA and
Protein as Well as Increased Matrix
Mineralization

We further determined the effect of high-frequency PEMF
stimulation on the late stage of osteogenic differentiation. Both OCN
and OPN are well-established markers of late-stage bone forma-
tion.20,22,25Y28 Stimulated C3H10T1/2 cells were compared with

FIGURE 2. Augmentation of early osteogenic markers by PEMF stimulation. A, Alkaline phosphatase activity is a well-established marker of early osteogenic activity.
Alkaline phosphatase activity was significantly elevated at days 3, 9, and 12 in PEMF-treated C3H10T1/2 cells. B, Alkaline phosphatase activity was significantly
elevated at days 3, 7, and 9 in PEMF-treated iCAL cells. Data points represent the mean T SD. Each assay was done in triplicate and/or as 3 independent experiments.
*P G 0.05. RLU indicates relative light unit.

TABLE 1. PCR Primers

Gene Forward Reverse

BMP-2 GCGTCAAGCCAAACACAA CATGATAGCCCGGAGGTG

BMP-4 GCGAGCCATGCTAGTTTGA AAGTGTCGCCTCGAAGTCC

BMP-6 GCAATCTGTGGGTGGTGAC CTTGTCGTAAGGGCCGTCT

BMP-7 AGGAGCCAACAGACCAACC TCACGTGCCAGAAGGAAAG

BMP-9 CGCAGCCTTAACCTCAGC GTTGGAGGCAGGCGTAGA

ERK-1 CACGTTGGTACAGAGCTCCA TGTGATTCAGCTGGTCAAGG

GAPDH ACCCAGAAGACTGTGGATGG CACATTGGGGGTAGGAACAC

OCN CCTTCATGTCCAAGCAGGA GGCGGTCTTCAAGCCATAC

p38> ACCCAGAAGACTGTGGATGG CCCCATGAGATGGGTCAC
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untreated, control cells. Semiquantitative RT-PCR of RNA extracted
from treated cells demonstrated that the expression level of OCN
mRNA was significantly elevated at days 7 and 10 of stimulation
(Figs. 3A, B). In addition, OCN protein expression was detected in
untreated cells, whereas a higher than basal level of staining was ob-
served in PEMF-treated cells (Fig. 3C). Osteopontin expression was
observed in untreated cells and to a greater extent in PEMF-treated
cells (Fig. 3D). Terminal differentiation of stimulated C3H10T1/2
and iCAL cells was assessed using alizarin red S staining at day 14
of PEMF stimulation. Increased mineralization was readily detected
in PEMF-treated cells (Fig. 3E). These findings suggest that high-
frequency PEMF stimulation significantly promotes the late stage
of osteogenic differentiation in vitro.

High-Frequency PEMF Stimulation Does Not
Affect Cellular Proliferation

Previous studies investigating whether low-frequency PEMF
stimulation affects cellular proliferation have reported inconsistent
results.38,39 In the current study, neither treated nor untreated
C3H10T1/2 cells reached confluency at a significantly faster rate
compared with the other (Fig. 4A). Similarly, no significant differ-
ence in absorbance was observed between groups (Fig. 4A). With
respect to iCALs, neither treated nor untreated cells reached con-
fluency at a significantly faster rate comparedwith the other (Fig. 4B).
Again, no significant difference in absorbance was observed be-
tween groups (Fig. 4B). These results indicate that high-frequency

PEMF stimulation does not significantly alter cellular proliferation
or viability of C3H10T1/2 or iCAL cells.

High-Frequency PEMF-Induced Osteogenic
Differentiation Is Not Solely Mediated
by a Mitogen-Activated Protein
KinaseYDependent Pathway

Members of the mitogen-activated protein (MAP) kinase fam-
ily of proteins have been implicated in signal transduction, stress-
response pathways, and osteoblastic differentiation.40Y44 We analyzed
whether endogenous expression of 2 members of the MAP kinase
pathway, p38-reactivating kinase (p38 RK or simply, p38>) and ex-
tracellular signalYregulated kinase 1 (ERK-1), was altered in the
presence of high-frequency PEMF stimulation. Using semiquanti-
tative RT-PCR, we found that, in PEMF-treated C3H10T1/2 cells,
endogenous p38> expression was elevated compared with untreated
cells at days 10 and 14 of stimulation (Fig. 5A). However, using the
same RT-PCR condition, endogenous expression of ERK-1 was not
altered by PEMF stimulation (Fig. 5A).

Semiquantitative analysis via densitometry was performed.
The relative expression level of p38> mRNA was modestly ele-
vated in PEMF-treated cells at days 10 and 14 on stimulation
(Fig. 5B). Compared with untreated cells, stimulated C3H10T1/2
cells expressed an increased p38> mRNA transcript level by 50%
and 30% at days 10 and 14, respectively. There was no significant
difference in the relative expression level of ERK-1 mRNA in

FIGURE 3. Augmentation of late osteogenic markers by PEMF stimulation. A, Endogenous expression of OCNmRNA in mesenchymal progenitor cells. Total RNA was
isolated from treated and untreated C3H10T1/2 cells on days 3, 7, 10, and 14 of PEMF stimulation. Semiquantitative RT-PCR was performed using a primer pair
specific for mouse OCN. The PCR products were resolved on 1% agarose gels and visualized under a UV lamp. B, Reverse transcriptaseYPCR data were quantitatively
analyzed by densitometry using ImageJ software and normalized to GAPDH signals obtained from the same time point. Normalized data for treated cells were then
converted to fold induction by expressing the densitometric data as a ratio of treated cells to untreated cells. C, Immunohistochemical staining of OCN. C3H10T1/2
cells were stimulated by PEMFs as indicated. Expression of OCN was assessed by IHC staining analysis after 10 days of stimulation using an anti-OCN antibody (Santa
Cruz Biotechnology). D, Immunohistochemical staining of OPN. C3H10T1/2 cells were stimulated by PEMFs as indicated. Expression of OPN was assessed by IHC
staining analysis after 10 days of stimulation using an anti-OPN antibody (Santa Cruz Biotechnology). E, Alizarin red S staining. C3H10T1/2 cells and iCALs were
stimulated using high-frequency PEMFs as indicated. Alizarin red S staining was conducted after 14 days of stimulation. Numbers in A correspond to days of
stimulation. P indicates PEMF stimulated; C, control (unstimulated); Data points represent the mean T SD. *P G 0.05.
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stimulated versus unstimulated cells (Fig. 5C). Although these
results suggest that high-frequency PEMF stimulation is associated
with increased p38> mRNA expression, osteogenic differentiation
began well before these changes were observed as indicated by the
ALP assay and IHC staining results. It is therefore unlikely that the
osteoinductive effect of high-frequency PEMF stimulation is ex-
clusively mediated by an MAP kinaseYdependent signaling cascade.

High-Frequency PEMF-Induced Osteogenic
Differentiation Is Associated With BMP
mRNA Up-Regulation

Members of the BMP family of proteins are known inducers
of osteogenic differentiation.20,22,24Y28,45 We analyzed whether en-

dogenous expression of osteogenic members of the BMP family46

was altered in the presence of high-frequency PEMF stimulation.
The expression of BMP-2 was slightly elevated at days 7 and 10 in
PEMF-stimulated versus untreated C3H10T1/2 cells (Fig. 6A). Under
the same conditions, BMP-4 expression was convincingly elevated
in PEMF-treated cells at days 10 and 14 of stimulation (Fig. 6A).
Bone morphogenetic protein 6 expression appeared elevated at day
3 in PEMF-treated cells and at day 14 in untreated cells (Fig. 6A).
The expression level of BMP-7 was elevated at days 3 and 10 of
stimulation in treated cells and appeared increased at day 7 in un-
treated cells (Fig. 6A). Finally, we observed that, in PEMF-treated
cells, the expression of BMP-9 was increased at days 3 and 10 of
stimulation (Fig. 6A).

These results are quantitatively represented via densitomet-
ric analysis of relative gene expression (Figs. 6BYF). At days 7 and
10 of stimulation, there was an increase in BMP-2 mRNA expres-
sion by 25% and 37%, respectively, in treated cells (Fig. 6B). Bone
morphogenetic protein 4 mRNA expression was elevated by an
average of 87% and 122% in treated cells at days 10 and 14, re-
spectively (Fig. 6C). In treated cells, BMP-6 mRNA expression was
increased by 50% and decreased by 48% compared with untreated
cells at days 3 and 14, respectively (Fig. 6D). With respect to BMP-7
relative mRNA expression, treated cells expressed an average of
75% more mRNA at day 3, 20% less mRNA at day 7, and 38% more
mRNA at day 10 of PEMF stimulation (Fig. 6E). Finally, there was
an increase in BMP-9 mRNA expression by 78% and greater than
1000% at days 3 and 10, respectively, in PEMF-treated cells (Fig. 6F).
These results indicate that high-frequency PEMF stimulation is as-
sociated with significant increases of mRNA expression of numer-
ous BMPs.

DISCUSSION
Healing of craniofacial defects, whether due to tumor, trauma,

or congenital disease, presents significant reconstructive challenges
to clinicians. The criterion standard material to repair such defects
is autologous nonvascularized or vascularized bone derived from
the cranium, rib, iliac crest, tibia, and/or fibula.47 However, the sup-
ply of available autologous tissue is often limited, especially in the
setting of a large defect. In addition, patients may experience con-
siderable donor site morbidity. Although various therapeutic options
have attempted to solve this clinical dilemma,1Y5 they are laden with

FIGURE 5. High-frequency PEMF stimulation alters MAP kinase signaling, but these changes do not appear to exclusively regulate osteogenic differentiation.
A, Endogenous expression of p38> and ERK-1 in mesenchymal progenitor cells. Total RNA was isolated from stimulated and unstimulated C3H10T1/2 cells on
days 3, 7, 10, and 14 of PEMF stimulation. Semiquantitative RT-PCR was performed using primer pairs specific for mouse p38> and mouse ERK-1. The PCR products
were resolved on 1% agarose gels and visualized under a UV lamp. B and C, Reverse transcriptaseYPCR data for p38> and ERK-1 were quantitatively analyzed
by densitometry using ImageJ software and normalized to GAPDH signals obtained from the same time point (Fig. 3A). Normalized data for stimulated cells were
then converted to fold induction by expressing the densitometric data as a ratio of stimulated cells to unstimulated controls. Numbers in A correspond to days
of stimulation. P indicates PEMF stimulated; C, control (unstimulated). Data points represent the mean T SD. *P G 0.05.

FIGURE 4. Cellular proliferation is unaffected by PEMF stimulation.
A, Crystal violet viability assay. Subconfluent C3H10T1/2 cells were plated
into 6-well dishes and either exposed to PEMF stimulation or not. When either
PEMF-treated or untreated cells first became 100% confluent, cells from
both groups were stained with crystal violet. Staining intensity was similar
between both groups indicating an approximately equal number of viable
cells. Crystal violet staining intensity was quantitatively assessed by dissolving
the stained cells in 10% acetic acid and measuring absorbance at 570 to
590 nm. There was no significant difference in crystal violet staining intensity
between the 2 groups (P = 0.48). B, Subconfluent iCAL cells were plated
into 6-well dishes and either exposed to PEMF stimulation or not. When either
PEMF-treated or untreated cells first became 100% confluent, cells from
both groups were stained with crystal violet. Staining intensity was similar
between both groups, indicating an approximately equal number of viable
cells. Crystal violet staining intensity was quantitatively assessed by dissolving
the stained cells in 10% acetic acid and measuring absorbance at 570 to
590 nm. There was no significant difference in crystal violet staining intensity
between the 2 groups (P = 0.32). + indicates PEMF stimulated;
j, unstimulated.

Teven et al The Journal of Craniofacial Surgery & Volume 23, Number 2, March 2012

590 * 2012 Mutaz B. Habal, MD

Copyright © 2012 Mutaz B. Habal, MD. Unauthorized reproduction of this article is prohibited.

144



disadvantages.48Y50 Thus, continued investigation into alternative
forms of bone regeneration and repair is necessary.

Tissue engineering strategies, which combine engineering tech-
nology with the principles of biology to regenerate lost or damaged
tissue, have been the subject of much investigation in recent years.51

Strategies include cell- and/or growth factorYbased approaches. One
modality combining these 2 approaches without altering the cellular
genome is biophysical stimulation. Biophysical stimulation con-
sisting of PEMFs to stimulate bone growth, which was approved by
the FDA in 1979, is still widely used for this purpose.

The effects of PEMFs on cells of the osteogenic lineage are
complex and pleiotropic and have yet to be fully described. It is
known that PEMF stimulation is associated with increased expres-
sion of osteogenic cytokines15 and receptors for osteogenic transcrip-
tion factors,18 as well as enhanced proliferation in osteoblasts.17,39

However, there is great variability within the literature with respect
to the effects PEMF stimulation, often due to varying methodolo-
gies used. In general, however, authors have studied only very low-
or low-frequency PEMF stimulation (ie, 5Y30 Hz). The current
study is unique in its use of a PEMF delivery device that emits
PEMFs at a frequency of 27.1 MHz.

Interestingly, previous studies have often reported that, for
osteogenic differentiation to occur in the presence of low-frequency
PEMFs, an additional costimulant is required. For example, Schwartz
et al16 found that PEMF stimulation (15 Hz) enhances the osteogenic
effects of BMP-2 on MSCs when cultured on calcium phosphate
substrates.Also, culturemedium is often enhancedwith pro-osteogenic
factors such as ascorbic acid, A-gylcerophosphate, and/or dexa-
methasone.17 In contrast, the current study demonstrates an aug-
mented osteogenic response to high-frequency PEMF stimulation
without the aid of additional costimulants or osteogenic media. Spe-
cifically, high-frequency PEMF stimulation enhanced ALP activity
as well as the expression of OCN and OPN both at the transcrip-
tional level as well as protein level. Matrix mineralization was also

enhanced in the presence of high-frequency PEMFs. In summary,
markers of early, late, and terminal osteogenic differentiation were
up-regulated by high-frequency PEMF stimulation in vitro. Of note,
cellular proliferation was not significantly altered by this form of
biophysical stimulation. This is in contrast to low-frequency PEMF
exposure, which has been shown to induce overexpression of pro-
liferation markers such as c-myc and c-fos.18

This study is also unique in its use of osteoprogenitor cells
rather than terminally differentiated cells of the osteogenic lineage.
Whereas most authors have studied PEMF stimulation of osteo-
blasts, we elected to study osteoprogenitor cells as they have become
important targets for bone tissue engineering because of their large
quantity within humans and their ease of isolation.52 C3H10T1/2
cells, which are considered to retain the ability to differentiate into
bone, cartilage, and fat,20 displayed enhanced early, middle, and late
osteogenic differentiation in the setting of high-frequency PEMF
stimulation. Similarly, immortalized juvenile calvarial cells (iCALs)
yielded a similar osteogenic response when stimulated. Unpublished
data from our laboratory support that iCALs are in fact progenitor
cells as they bear surface antigens similar to MSCs and have the
ability to differentiate into multiple tissues of mesenchymal origin.

Although augmented osteogenic differentiation in the set-
ting of high-frequency PEMF stimulation has been demonstrated
in the current study, the mechanisms underlying this response re-
main unclear. The International Commission of Non-ionizing Ra-
diation Protection and others have described potential mechanisms
of interaction between cells and surrounding electromagnetic
fields.53,54 These discussions, however, have been largely theo-
retical. Perhaps more useful from a clinical perspective is the char-
acterization of osteogenic cytokine modulations that occur in the
presence of PEMF stimulation. The MAP kinase signaling family,
to which both p38> and ERK-1 belong, has been implicated in
osteoblastic differentiation and function,40Y42,55 as well as the cel-
lular stress-response pathway.43,44 We therefore evaluated whether

FIGURE 6. High-frequency PEMF stimulation may enhance osteogenic differentiation by inducing increased BMP expression. A, Endogenous expression
of BMP-2, BMP-4, BMP-6, BMP-7, and BMP-9 in mesenchymal progenitor cells. Total RNA was isolated from stimulated and unstimulated C3H10T1/2 cells
on days 3, 7, 10, and 14 of PEMF stimulation. Semiquantitative RT-PCR was performed using primer pairs specific for mouse BMP-2, mouse BMP-4, mouse BMP-6,
mouse BMP-7, and mouse BMP-9. The PCR products were resolved on 1% agarose gels and visualized under a UV lamp. BYF, Reverse transcriptaseYPCR data
for BMP-2, BMP-4, BMP-6, BMP-7, and BMP-9 were quantitatively analyzed by densitometry using ImageJ software and normalized to GAPDH signals obtained
from the same time point (Fig. 3A). Normalized data for stimulated cells were then converted to fold induction by expressing the densitometric data as a ratio
of stimulated cells to unstimulated controls. Numbers in A correspond to days of stimulation. P indicates PEMF stimulated; C, control (unstimulated). Data points
represent the mean T SD. *P G 0.05.

The Journal of Craniofacial Surgery & Volume 23, Number 2, March 2012 Osteoprogenitor Cell Differentiation

* 2012 Mutaz B. Habal, MD 591

Copyright © 2012 Mutaz B. Habal, MD. Unauthorized reproduction of this article is prohibited.

145



high-frequency PEMF stimulation alters the expression level of these
proteins. We found that p38> transcript levels were modestly ele-
vated in stimulated cells, but that this occurred well after osteogenic
differentiation had commenced. Also, we found that ERK-1 tran-
script levels were unchanged compared with unstimulated cells. In-
terestingly, the activation (phosphorylation) of p38> has been shown
to be a downstream event of BMP-mediated osteogenic induction.
Noth and colleagues56 reported that BMP-2 in particular must ac-
tivate p38> to mediate osteogenic differentiation. Data in the cur-
rent study show that BMP-2 gene up-regulation is late and slightly
elevated in stimulated cells, which may explain the delay and
modest increase in p38> gene up-regulation. However, it is also
plausible that space limitations within the culture plates (due to
morphologic changes of differentiating osteoprogenitor cells)
stimulated a stress response in PEMF-treated cells, thus accounting
for the rise in the level of p38> mRNA at days 10 and 14 in these
cells. Consequently, PEMF induction of osteoprogenitor cell dif-
ferentiation may proceed through MAP kinaseYdependent and
Yindependent pathways. Further studies are required to more fully
determine the role of MAP kinaseYrelated factors in the cellular
response to PEMF stimulation.

Bone morphogenetic proteins, which are members of the
transforming growth factor A superfamily, also play an important
role in osteoblast differentiation and subsequent bone formation.26

Approximately 20 BMP isoforms, with varying osteoinductive po-
tentials, have been described. Studies from our laboratory have pre-
viously demonstrated that BMP-2, BMP-6, BMP-9, and, to a lesser
extent, BMP-4 and BMP-7 are the most osteogenic.20,25,26,46 There-
fore, we evaluated whether high-frequency PEMF stimulation cor-
responded to modulation of these osteogenic BMPs during
differentiation. We found that mRNA transcript levels of BMP-6,
BMP-7, and BMP-9 were elevated in stimulated cells during the
early phase of differentiation at day 3. Interestingly, mRNA tran-
script levels of these proteins were similar in stimulated and un-
stimulated cells at day 7, but again were elevated in PEMF-treated
cells at day 10 (BMP-7 and BMP-9). These findings are not sur-
prising given the role of BMPs in osteogenic differentiation. This is
especially true for BMP-6, which is known to be expressed to an
elevated degree early in the course of osteogenic differentiation.46

In contrast, BMP-2 and BMP-4 mRNA expression levels were first
elevated in stimulated cells later during differentiation, at days 7
and 10 (BMP-2) and days 10 and 14 (BMP-4) of stimulation. It is
therefore plausible that high-frequency PEMF stimulation facilitates
enhanced osteogenic differentiation of osteoprogenitor cells by in-
ducing up-regulation of certain BMPs (eg, BMP-6, BMP-7, and
BMP-9) but not others. However, further studies are necessary to
evaluate if a cause-and-effect relationship between PEMF stimula-
tion, BMP up-regulation, and enhanced osteogenesis exists.

The current study is the first, to our knowledge, to demon-
strate that high-frequency PEMFs delivered by the novel device used
here are capable of inducing osteogenic differentiation of murine
osteoprogenitor cells. Although we found high-frequency PEMF stim-
ulation to be associated with enhanced BMP expression, it remains
unclear whether the rise in BMP mRNA levels in stimulated cells
is indeed due to PEMF stimulation or due to other factors. Bone
morphogenetic protein induction of cells requires phosphorylation
of Smad proteins. Thus, to more definitively examine the relation-
ship between high-frequency PEMF stimulation and BMP modu-
lation, it would be useful to assess whether high-frequency PEMF
stimulation enhances BMP receptorYSmad reporter activity and the
nuclear translocation of Smad1/5/8. Similarly, whether high-frequency
PEMF stimulation induces differentiation via an MAP kinaseYde-
pendent and/or Yindependent pathway remains in question. It is
probably the case that the mechanism of PEMF induction of osteo-
progenitor cell differentiation is multifactorial. Moreover, further

experiments to address the potential role of this form of biophysical
stimulation in in vivo models of bone formation are necessary.
Finally, these findings suggest that high-frequency PEMF stimu-
lation of osteoprogenitor cells may be further investigated as an
effective bone regeneration option to treat critical-size osseous de-
fects of the craniofacial and axial skeleton.
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